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NEW RULES FOR ORGANIZING AND CARRYING OUT | 
SUPERVISION OF MEASURING EQUIPMENT 


The enormous construction work which is being carried out by the Soviet people under the leadership of the 
Party and the Government, for a further expansion of our national economy and for technical progress, requires a 
considerable enlargement of the stock of measures and measuring instruments, the raising of their quality by in- 


troducing better and more complex measuring equipment, and a constant improvement of the State and Depart- 
mental inspection methods for measuring instruments. 


The Committee of Standards, Measures, and Measuring Instruments attached to the Council of Ministers of 
the USSR has introduced since January 1, 1960 new methods of organizing and carrying out the checking of measures 
and measuring instruments and the inspection of the state of the measuring equipment, and the enforcing of stand- 
ards and specifications listed in regulations 12-58, which have the aim of improving still further the state of the 
measuring equipment and the quality of production in our country. 


Regulations 12-58 are aimed at establishing the most rational methods of State and Departmental inspection 
of the measuring equipment used in our country, at a maximum reduction in the cost of this inspection by elimin- 
ating duplication in the work of State Inspection and Industrial Laboratories, by reducing unnecessary inspection 


work and a better utilization of the metrological personnel, and by concentrating attention both on the most im- 
portant and weakest spheres of this work. 


These regulations tend to extend the rights and raise the responsibility of the heads of plants in supervising 
the state of the measuring equipment, They are aimed atrendering the establishments the maximum practical 
assistance in improving the quality of production, insuring correct and accurate application of measures and meas- 
uring instruments, and raising the initiative and organizing ability of the State Inspection Laboratory personnel 
in their task of improving measurement techniques in the area serviced by the Laboratory. 


Regulations 12-58 cancel fixed dates for compulsory checking of the overwhelming majority of measures and 
measuring instruments and stipulate that the heads of plants, organizations, and establishments must, according to 
the responsibility bestowed on them, submit the equipment for checking when it becomes necessary in order tomain- 
tain it in a constantly efficient and accurate condition; at the same time the Committee's agencies should intensify 
their control of the efficiency and accuracy of this equipment, The maximum intervals of time (as established by 
the Committee) between regular inspections have been preserved for the basic (reference) measures and measuring 
instruments, and a few of the working instruments which serve to handle valuable objects, make comparative es~ 
timates, or measure consumer goods, or those involved in health protection, i.e., the measures and measuring in- 
struments requiring constant State inspection, yet lacking the qualified supervision which exists in industry. 


The list of equipment subject to compulsory checking has been increased by the new instruments now widely 
used in our national economy (for instance, ionizing radiation meters, acoustical measuring instruments, and others), 


The State Inspection Laboratories have rendered great practical assistance to plants and organizations in es- 
tablishing concrete schedules for testing their instruments with a maximum allowance for the environment and con- 
ditions under which they are used. On the basis of the experience thus gained, it will be necessary in future, how- 


ever, to check systematically the schedules thus adopted in order to ensure the efficiency and accuracy of the in- 
struments, 


The introduction of the new procedure in testing measures and measuring instruments requires a reorganiza- 
tion of the control and inspection work, the raising of its efficiency,and an improvement of the organization, with 
better utilization of the inspection reports, The new regulations change radically the objective of inspections: 


| 
| | 
| 


its main aim being the rendering of maximum practical assistance to plants, organizations, and individuals, who 
use measures and measuring instruments, in order to help them improve the condition of their measuring equipment, 
choose correctly and use efficiently new instruments, assimilate new measuring techniques, and perfect the control 
of production, The practice of sample testing of measures and instruments during general inspections is extended 
in order to check not only the working efficiency of instruments but also the accuracy of readings, 


A one-sided view of the reorganization of the inspection work, should not, however, be adopted. If the State 
Inspection Laboratories’ suggestions are ignored, or should a negligent attitude with regard to the condition or the 
use of measuring equipment be discovered, an attitude which may cause considerable material losses to the State, 
a strict compliance to State regulations will have to be enforced, compulsory checking introduced, and those 
responsible for the negligence, prosecuted, if necessary. 


Extensive preparatory work preceded the introduction of the new regulations, In order to make the adminis- 
trators concerned with inspection thoroughly acquainted with regulations 12-58 and help them to adopt the re- 
quired measures, the State Inspection Laboratories and the Committee's Institutes informed the interested personnel 
of the plants, establishments, and organizations of the principles underlying the new regulations and helped them 
to draw up instructions for the adoption of the new regulations, As the result of this work 85 Councils of National 
Economy and over 40 other organizations worked out and approved instructions for the inspection of measuring equip- 
ment, 


The network of departmental measuring-instrument inspection agencies was further extended (test laboratories, 
control and measuring instrument shops, inspection and checking stations, etc.), During 1958 and the first half of 
1959 the Committee's agencies granted 255 establishments and organizations with 429 inspection bodies the right 
to check themselvesthe measures and measuring instruments used in these establishments. 


The State Inspection Laboratories and departmental inspection agencies should, in introducing regulations 
12-58, pay special attention to the economic side of the problem, Thus, it would be incorrect to establish unneces- 
sary new inspection agencies,spending large sums on them, The aim should be to use with the maximum efficiency 
the existing laboratories,of which the largest and most conveniently situated ones should be reorganized as area 
laboratories for servicing other establishments, Also, touse metrological workers more efficiently, they should be 
freed from unsuitable work and made to test additional measuring instruments; to enable them to do this, they 
should study measuring techniques related to their specialties, etc. The great advantages provided by the reor- 
ganization of industrial administration for improving the supervision of the measuring equipment should be fully 
utilized, 


Many Councils of National Economy reorganize factories into area laboratories in order to include in the in- 
spection scheme all the industrial measuring equipment. Thus, for instance, the Armenian Council of National 
Economy has organized 5 area laboratories, the Belorussian Council 9 laboratories, the L'vov Council 5, the Lithu- 
anian 18, etc, 


It should be noted that a number of industrial test laboratories limit themselves to checking the measuring 
equipment, and do not pay sufficient attention to introducing new measuring techniques and improving production 
measurements, The Departmental Inspection Agencies should, in addition to checking the uniformity, accuracy, 
and efficient use of the measuring equipment, take an active part in a wide-scale introduction into production of 
new measurement techniques, in improving production control, in preventing losses due to faulty measuring in- 
struments, 


Industrial measuring laboratories should participate in studying the methods and means of measurement con- 
nected with group industrial automation and mechanization, the introduction of automatic and conveyor lines, with 
replacement of obsolete equipment, presses,and tools,i.e,, in the solution of the problems which were mentioned by 
Com. N, S, Khrushchev at the June Plenum of the CPSU Central Committee, and which are of outstanding import- 
ance in speeding up technical progress and assisting in the successful completion of the Seven-Year Plan, 


Considerable organizational work has been carried out by the local agencies of the Committee in developing 
and consolidating the instrument-repairing facilities. Taking into consideration that a radical improvement in meas- 
uring equipment repairs can only be attained in a single well-equipped system, the Committee's agencies insisted on 
the concentration of the entire repair newwork under the direction of the Councils of National Economy. On the sug- 
gestion of the Committee's representatives at the Councils of Ministers of the Ukrainian, Kazakh, Kirgiz, Moldavian, 
Georgian, Armenian, Azerbaidzhan, Estonian, and Belorussian SSR’s, the respective Councils of Ministers adopted 


resolutions on the transfer of all the measuring-equipment repair work to the appropriate Councils of National Econ- 
omy. Now the problem consists in establishing, in accordance with the decisions of the Councils of Ministers of the | 
Union Republics, powerful repair centers, attached to the corresponding Councils of National Economy, in order to 

ensure a timely and efficient repair of all the types of measuring and automatic control equipment used in our in- | 
dustry. 


The preparatory measures for introducing the new procedure for State inspection of measuring equipment 
raised still further the organizational and technical level of the Committee's local agencies, Thus, the State In- 
spection Laboratories of the Ukrainian SSR carried out the work of the planned introduction of modern measuring 
equipment in the plants and organizations of certain departments. The experience gained by the Ukrainian State 
Inspection Laboratories is being widely used by other local agencies of the Committee, On the suggestion of the 
Committee's representatives, the Councils of Ministers of the Armenian, Belorussian, Kirgiz, Georgian, Uzbek, and 
Estonian SSR's issued instructions on the replacement of obsolete equipment, On the suggestion of the Committee's 
representative, attached to the Council of Ministers of the Kazakh SSR, the State Planning Commission of the Re- 
public requested the Councils of National Economy to compile plans for the replacement of the obsolete measuring 
equipment. The local agencies of the Committee must render maximum practical assistance to the establishments 
in compiling their plans for the introduction of the new measuring equipment. 


The work carried out by the Committee’s agencies in the last few years in enforcing State standards and spe- 


cifications and supervising the condition of the measuring equipment in all branches of the national economy has 
made for improvement in the quality of production. 


The new regulations will raise further the inspection efficiency through measures facilitating speedy recti- 
fication of defects in the measuring equipment and deviations from standards discovered during inspection. 


As an example of such measures, it is possible to quote the steps taken by the Committee's local agencies in 
connection with the decisions of the June Plenum of the CPSU Central Committee, Thus, the Leningrad Council of 
National Economy had decided, on the suggestion of the D, 1. Mendeleev All-Union Scientific Research Institute of 
Metrology, to replace or modernize in the next few years 40 different types of measures and measuring instruments, 
In the plan of the Odessa Council of National Economy for improving the quality of production,the materials of the 


Odessa State Inspection Laboratory were used, and it is planned to discontinue production of 10 types of commodities 
and to modernize 77 standard dimensions of lathes and machines, | 


Owing to this inspection, many important defects in the condition of the measuring equipment were discovered 
and rectified. 


The new regulations specify inspection procedures based on practical experience. 


The attention of the State Inspection Laboratory workers should be directed to a further improvement of the 
inspection efficiency, to the rendering of maximum assistance to the establishments in rectifying immediately any 
defects or deviations from standards discovered during inspection, 


The State Inspection Laboratories have begun rendering greater practical assistance to the establishments in 
introducing new methods and means of measurement and in improving production inspection, and raising the stand- 
ard of the factory test laboratories. Thus, in the third quarter of 1959 alone, the Kiev State Inspection Laboratory 


rendered such assistance to 48 establishments, the L'vov State Inspection Laboratory to 17 establishments, the Tash- 
kent Laboratory to 9 establishments. 


The new inspection procedure for the measuring equipment is an important step in the further improvement 
of the state of the measuring equipment and requires from all the local agencies of the Committee, and all the 


workers in the State service of measures and measuring instruments,increased creative efforts in their organizational 
and technical work, 


The local agencies of the Committee should not only satisfy the requirements of our national economy in 
checking various measuring instruments, but should ensure that the State Inspection Laboratories lead in the intro- 
duction of new measuring equipment, and combat losses and excessive scrap due to defective measuring equip- 
ment or deviations from standards and specifications, The State Inspection Laboratories should initiate the repair 
of instruments, organize, develop, and consolidate departmental inspection of the measuring equipment,and organ- 
ize the exchange of experience among the inspection agencies, The State Inspection Laboratories should study 
working properties of the instruments in order to improve the quality of production in the instrumenemaking industry, 


The scientific research institutes of the Committee can and should render great assistance in assimilating 
the regulations 12-58. They should not only render daily assistance to the laboratories under their control, but 
also satisfy the requirement of our industry in organizing laboratories, particularly in the new spheres of measure~ 


ment, in special measurements, in producing new measuring equipment, assimilating new instruments, in training 
the personnel, etc. 


An important task of the Committee’s representatives attached to the Councils of Ministers of the Union Re- 
publics is the speedy introduction of regulations 12-58. In order to introduce regulations 12-58, it is necessary to 
help the State Inspection Laboratories both organizationally and technically, to organize systematic exchanges of 
experiences among them, and widely publicize the work of the best State inspectors, 


The success of this change-over to new working methods depends entirely on the persistence and energy of 
the State service of measures and measuring instruments personnel and other workers engaged in measurements. 


In order to raise the efficiency of measurements and pay greater attention to the condition of the measuring 
equipment, it is necessary to establish permanent contact with the establishments, organizations, and individuals 
who deal with these problems, In this connection, the permanent allocation of state inspectors to their own districts 


is of great importance, since they can then become leaders in the organization of the measurement techniques of 
their district. 


State inspectors must work systematically in their districts, and should be freed from petty supervision and 
the writing of superfluous reports, State inspectors should be made independent and provided with the widest scope 
for exercising their initiative in order to make them feel responsibie for their own districts and turn them into good 
organizers and competent technicians, who can solve as far as possible all the technical questions on the spot. The 
role of the manual workers in the State Inspection Laboratories should also be enhanced, 


The State Inspection Laboratory workers and District State Inspectors should pay particular attention to the 
condition of the measuring equipment in agriculture, The duties of the State Inspectors include the dissemination 
of knowledge about the correct use of the measuring equipment, and insistence on a radical improvement in the 
condition of,and care for, the equipment and the introduction of the best measuring equipment. 


The wide use of mobile test laboratories for inspection and checking acquires in this connection primary im- 
portance, It is necessary to produce portable equipment and devices for checking instruments on the spot. The 


State Inspection Laboratories of Measuring Equipment, which have the required qualified personnel, should be drawn 
into this work, 


In order to raise the level of | measurement technique in our country, it is necessary for all the workers con- 
cerned with it to assist in the application of regulations 12-58, 


STATE STANDARDS FOR PHYSICAL UNITS . 


G. D. Burdun 


The approvalof GOST 8849-58 on “Acoustical units" completes the introduction in the USSR of State stand- 
ards for physical units. 


The standardization of these units is aimed at ensuring uniformity of measurements, the introduction of the 


most modern systems of units, and conformity in measuring units with other countries, by adopting internationally 
recommended units and standards for their realization, 


The Metric System, The first measure for standardizing units in our country was the decree of the Council 
of People's Commissars of the RSFSR issued on September 14,1918 on the introduction of the international metric 


system of weights and measures with decimal fractions and multiples. By January 1, 1927 the metric reform was 
successfully completed. 


One of the first standards in the USSR was OST 516 on "Metric measures” adopted in 1929. It established 
metric units for measuring mass, length, area, volume, and capacity, The standard contained a table giving the 
names of the units, their Russian and foreign abbreviations, their definition, and their relation to basic units, The 
difference between the measures of volume and capacity is due to the fact that the former are derived from the 
measure of length, the meter, and the latter from the measure of capacity, the liter (the volume of 1 kg of water 
at its maximum density and at normal atmospheric pressure), Inaccuracies in measurement and in the production 
of length and mass prototypes led to a discrepancy, between a cubic decimeter and a liter ,of 0.000028 dm’, which 
must be taken into account in especially accurate measurements, 


In 1933 when unit measuring-standards were being developed by the All-Union Standardization Committee, 
OST 516 on “Metric measures" was replaced by OST VKS 5859 under the same name, In 1955 in connection with 
the adoption of GOST 7664-55 on "Mechanical units" the OST VKS 5859 on "Metric measures” was abolished, 
This change was due to the metric system having been adopted for all the standards of physical units and being 
in general use in the USSR, so that a separate standard for metric measures was no longer required, 


Standards of 1927-1929, During this period the Standardization Committee attached to the Council of Labor 
and Defense adopted,in addition to OST 516, standards for physical units OST 169 on “An absolute system of 
mechanical units (MTS)" and OST 515 on “International electrical units", introduced by the Central Bureau of 
Weights and Measures of the Supreme Council of National Economy, 


OST 169, adopted in the form of a recommendation, introduced in the USSR the mechanical system of units, 
meter-ton-second, which was first adopted in France in 1919. In addition to the basic unitsof the system, the stand- 
ard included units of force~the sthene, of mechanical tension or pressure — the pieze, of work— the kilojoule, 
of energy — and the kilowatt, of power, The standard alse contained the relation between the mechanical units of the 
absolute MTS and CGS systems and a conversion table for mechanical units of a system called "technical" by the 
standard (meter-kilogram-weight-second) to the absolute MTS system, 


OST 515 on “International electrical units" legalized the use in the USSR of international electrical units, 


established by the International Electrical Congress in Chicago in 1893, and the International Electrical Conference 
in London in 1908, 


These conferences established for practical use international electrical units which were not based on theo- 
retical definitionsas the absolute units, but on definite standards (the ohm on the resistance of a mercury column 


of definite dimensions, the ampere on the depositions of a silver voltmeter, and the other units on standards derived 
from the international ohm and ampere). 


International electrical units were first introduced in our country by the decree on “Electrical units" of the 
Supreme Council of National Economy of the RSFSR on February 7, 1919. 


OST 515 established, for all the most important electrical units, Russian and foreign abbreviations and deter- 
mined their relation to the basic units, 


Standards of 1932-1934, In 1932-1934 the All-Union Scientific Research Institute of Metrology and Standard- 
ization developed, and the All-Union Standardization Committee approved, a full set of all-Union standards for all 
physical units from mechanical to radiation and x-ray units, 


OST VKS 6052 on “Mechanical units" and OST VKS 6053 on "Systems of mechanical units" developed the 
principle underlying the OST 169 standard on the “Absolute system of mechanical units", 


OST VKS 6053 determined precisely the systems of units, classified systems by their basic units and by the 
size of the basic units, and determined the range of the systems" application, Moreover, the standard OST VKS 
6052 included the most important mechanical units in all the three systems of units, the MTS- given first place 
and recommended for scientific research and technical purposes; the CGS,recommended mainly for scientific re- 


search; and the system meter — kilogram-weight — second,recommended for technical purposes when the accuracy 
of measurements does not exceed 0.2%, 


The OST VKS 6052 and OST VKS 6053 together with OST 169 were in force until they were superseded in 


1955, 


In 1932 the OST 5010 on "Units of pressure which should be used for pressure gauges" was recommended for 
use as a standard, 


The standard established that scales of pressure gauges should be calibrated in MTS units and temporarily, 
until further notice, allowed pressure and vacuum gauges to be calibrated in kilogram-weight per cm?, 


Despite these attempts, however, the calibration of pressure gaugesin hectopiezes was never popular, and this 
standard, as well as the entire system of meter— ton—second, was never used in practice. 


The Ost 5037 on "Units of frequency” approved in 1932 the hertz as the unit of frequency, and OST VKS 
7132 on "Units of time” established in 1934 the units of mean solar time, The second was taken as a unit of mean 
solar time, it was defined,and its fractional and multiple units specified. In a separate section of the standard, 
units ofsidereal time were specified for use in astronomy and contiguous spheres, 


The OST VKS 6259 on “Thermal units" was approved in 1933 and based on the system of meter-ton-second- 
degree, The kilojoule was taken as the basic unit of heat,and other units derived from it, The standard also re- 
cognized as equally valid heat units based on a 20-degree kilocaloriegetermined with an accuracy of 0.02% and 
taken to equal 4,182 kj. 


When the all-Union standards were established in 1932-34, the electrical units were omitted,as theyhad been 
covered by OST 515 on "International electrical units" since 1929. The latter standard did not, however, include 
magnetic units, Therefore, an OST VKS 5578 on “Absolute magnetic units in the electromagnetic CGS system” _ 
was adopted in 1933, and included such units as maxwells, gausses, gilberts, and oersteds as defined by the Stock- 
holm Plenary Session of the International Electrotechnical Commission in 1930, 


The OST VKS 7242 on “Acoustical units" was adopted in 1934. Contrary to the previously approved standards 
for mechanical and thermal units, this standard was based on the CGS system, which was adopted by the acoustical 
workers, 


The All-Union Standardization Committee approved in 1932 the OST VKS 4891 on “Light units", Contrary 
to the recommendation of the International Commission on Lighting, the lumen was taken as the basic unit (unit 
of light flux) instead of the international candle, which was defined by the standard as a derivative of the lumen, 
The centimeter was taken as the basic unit of length, although the use of the lux, which is based on the meter, 
was admitted for measuring illumination. 


The approval in 1934 of two standards for units measuring ionizing radiations completed the standardization 
of measuring units, The OST VKS 7623 on “Units of x-ray radiations” was based on the CGS system and covered 
theprincipal units in the sphere of x-ray radiations, 


The OST VKS 7159 on “Units of radioactivity", which was adopted in 1934, replaced the existing 1932 OST 
5159 on "Radium units," which only referred to radium without covering the whole range of radioactive radiations, 
Contrary to the previous standard which took as the unit of radium its mass of one mg, the OST VKS 7159 takes the 
unit of radioactivity as a definite intensity of radiation, 


Between 1932 and 1934, the All-Union Scientific Research Institute of Metrology and Standardization has 
developed, and the All-Union Standardization Committee approved,11 standards for measuring units in various 
branches of science and technology, These standards were in force till 1956-1958 when new State standards for 
physical units were introduced, 


The standardization of measuring units was made necessary by the development of the national economy, 
science, and technology of the USSR, according to the first five-year plans. This work had an important practical 
value for technical progress in our country, 


At the same time,with the completion of this stage of the work, the paths of its further development became 
clear, In the first instance,it meant that all the standards should be based on a single system of units, In the 
1932-1934 standards the mechanical, thermal, and pressure units were based on the MTS system, whereas the light, 
acoustical, absolute magnetic, and x-ray radiation units were based on the CGS system, 


Electrical standards were based on international electrical units, whereas as early as the beginning of the 
thirties, the international metrological and electrotechnical organization arrived at the conclusion that it was ad- 
visable to change over to electrical standards based on absolute practical electrical units, 


Moreover, the MTS system of mechanical units, which was recommended by the standards since 1927 was 
not being applied in practice either in the USSR, or even in its place of origin — France; the advisability of adopt- 
ing as the basis for standards the meter-kilogram~second (MKS) system became increasingly clear, 


Standards of Subsequent Years. The work on units was carried out in the USSR from 1936 to 1938 by the 
Measuring Units Commission attached to the Technical Physics Group of the Technical Sciences Department, Acad- 
emy of Sciences, USSR, In connection with the formation in 1939 of the Committee for Measures and Measuring In- 
struments, attached to the Council of Ministers of the USSR,the work on units was transferred to the Scientific Re- 


search Commission on Measuring Units and Measures attached to this Committee (later attached to the Scientific 
and Technical Council of the Committee). 


The Committee on Measures and Measuring Instruments issued in 1948 two directives on measuring units, en- 
titled "Directive on electrical and magnetic units* and “Directive on light units," which came into force on May 1, 
1948, 


According to the first directive, which corresponded to the recommendations of the International Weights and 
Measures Committee, the USSR transferred the basis of its standards from international to absolute practical elec-~ - 
trical units, 


The "Directive on light units" introduced, according to the international recommendations on this question, 
new values for light units which differed from the old onesby a conversion factor (the old unit = 1,005 new units), 


The D, I, Mendeleev All-Union Scientific Research Institute of Metrology drafted in 1953 regulations for 
new State standards for physical units, 


During 1954-1956 these drafts and comments on them were examined by the Scientific Council of the All- 
Union Scientific Research Institute of Metrology, by the Scientific and Technical Council of the Central Bureau 
of Weights and Measures of USSR (1953-1954), and the Experts’ Council of the Committee of Standards, Measures, 
and Measuring Instruments attached to the Council of Ministers of the USSR, 


The preparation of the final draft of the physical units’ standards coincided with the adoption by the 10th 
General Conference of the six basic units of the international practical system of units (the meter, kilogram, second, 
ampere, degree Kelvin, and candle), 


In 1955 the Committee for Standards, Measures, and Measuring Instruments approved the Statestandard for 
deriving fractional and multiple units and abbreviations for measuring units,as well as a GOST for mechanical units, 
In 1956 GOST's were adopted for light, electrical, and magnetic units and in 1957 for thermal units, The adoption 
in 1958 of the GOST's for acoustical, x-ray, and gamma radiation and radioactivity units completed the establish- 
ment of State standards for physical units, 


Of the two possible ways of establishing standards for measuring units, the one based on the standardization of 
systems and the other on the standardization of separate units irrespective of systems, the former was adopted for 
the new State standards, This is a better system of establishing standards since it provides the possibility of obtain- 
ing uniformity in developing standards, of choosing the most rational system of units and of connecting the various 
spheres of measurements to each other, The establishment of standards on the basis of a system of units has an im=- 
portant positive value in teaching. 


The MKS system, which was chosen as the basis of the new Statestandards, included its basic units, the meter, 
the kilogram, and the second, and additional units for various spheres of measurement (for thermal measurements — 
the degree, for electrical ones — the ampere, and for light measurements — the candle), 


Considering, however, that in some of the spheres of measurements other systems are being widely used, it 
was deemed possible to retain for mechanical measurements the CGS and the MKg-wtS system,and for electrical, 
acoustical, and ionizing radiation measurements the CGS system, 


Moreover, the existence of widely used practical units outside the range of unit systems was taken into con= 
sideration (in mechanical measurements — the micron, angstrom, ton, centner, liter, bar, mm Hg, etc, in thermal 
measurements — the calorie and other thermal units derived from it; in acoustics — the decibel, phon, and octave), 
In this connection, it was considered necessary to retain and allow the use of some of the nonsystem units, 


Thus, all the standards, as a rule, are constructed in the following manner. First, all the MKS system units 
are given (with the addition, when necessary, of the fourth basic unit), then units of other permissible systems are 
given and, finally, the nonsystem units, 


For each system, the basic units are given first, and then the principal derived units. 


The new standards for physical units include tables which contain the following columns: name of the unit, 
basic unit of measurement, abbreviated notation in Russian, Latin, or Greek letters, and dimensions of the unit. 


The standards (more correctly, their appendices) define only the basic units, It was found more convenient 


to standardize the size of derived units in terms of basic units,or other derived units which have already been speci- 
fied in terms of basic units,instead of defining them in words, 


_ The definitions of the basic units are given preferably according to the existing recommendations, mostly of 
the General Conference on Weights and Measures. 


The naming of units, given in the second column of the new standards’ tables was based on the following 
considerations: the existing international recommendations and the current usage in the USSR, The naming of 
the derived units was based on considerations common to all the standards: 


a) If the derived unit has a name internationally accepted and used, this name is included in the standard 
(for instance, a joule per second is called a watt, the ampere-second — a coulomb, a lumen per m?—a lux, etc.), 


b) If the name of a compound derived unit represents a product of two units,their names are hyphenated (for 
instance, the unit of the quantity of illumination — lux-second, etc.). 


c) If the name of the derived unit represents a quotient, the two names are, as a rule, separated by the word 
“per” (for instance, the unit of acceleration — meter per second squared, the unit of tension and pressure — newton 
per square meter). 


d) An exception to this rule is provided by the case when any unit is divided by a unit of time, which re- 
presents the duration of the phenomenon; in this instance, according to Russian practice, the derived unit is separated 
by preposition “in” (for instance, the unit of velocity—meter"in" a second).* 


If, however, the quotient does not represent the duration of the process, or a unit is divided by the square of 
the time, the rule given under c) still holds and the words are separated by preposition “per” (for instance, the unit 
of kinematic viscosity — a square meter per second, or the unit of angular acceleration — radian per second squared), 


e) The names of relatively rare compound derived units are formed according to the above rules (for instance, 
the unit of dynamic viscosity — newton-second per square meter, the unit of specific thermal capacity — joule per 
kilogram-degree, or the unit of acoustical resistance — newton-second per meter to the fifth power. 


The first State standard of the new series, which preceded all the other standards,was GOST 7663-55 on the 
"Formation of fractional and multiple measuring units, Abbreviations of measuring units". 


It was adopted on January 1,1956 and consists of two parts: the formation of fractional and multiple units 
(paragraphs 1 and 2 of the standard) and abbreviations of the measuring units (paragraphs 3, 4,and 5 of the standard), 


The standard stipulates that the fractional and multiple units are formed by multiplying or dividing by a 
power of 10. Their names are obtained by adding the suffixes listed in the standard (tera, giga, mega, kilo, hecto, 
deca, deci, centi, milli, micro, nano, and pico) to the names of the basic or derived units, 


If the name of the basic or derived unit already contains a prefix (for instance, “kilogram™") the multiple or 
fractional prefixes are added to the simple name (i.e., the grammatical root) without the prefix (for instance, to 
the name "gram" forming milligram). 


Side by side with unit names formed by the addition of prefixes, special names listed in the standard for 
given units can also be used (for instance, a megagram is also called a ton, and a micrometer a micron), 


The addition of prefixes to the special names in order to form from them derived units is not permissible 
(for instance, it is not permissible to use a “kiloton", “milliton", or “decamicron"). 


GOST 7663-55 notes that the abbreviations of the unit names are established by the corresponding standards, 


The standard specifies that when the Russian alphabet is used in print or writing, Russian abbreviations must 
be used, Abbreviations in the Latin or Greek alphabet are only permissible in scientific journals, articles, or books, 


GOST 7664-55 on “Mechanical units", which establishes a system of units and nonsystem units for mechanical 
measurements, was adopted on January 1, 1956. 


*This, of course, does not apply to English usage[Publisher’s note]. 


The standard provides three systems of units for mechanical measurements; 


a) the MKS system, based on the meter, kilogram, and second, which was adopted for the first time in Soviet 
standards; 


b) the CGS system, based on the centimeter, gram, and second; 
c) the MKg-wtsS system, based on the meter, kilogram-weight, and second, 


The standard notes that preference should be given to the MKS system, The use of nonsystem units which are 
fractions or multiples of the basic or derived units formed according to GOST 7663-55 is permissible,as well as of 
some other nonsystem units whose list is appended to the standard, 


GOST 1664-55 provides, according to international recommendations, the abbreviations for the unit of force 
in the MKg-wtS system of xec and kgf,and allows the use of the old notations kf and kG. 


For units of plane and solid angles in all the unit systems,the radian and steradian are used. 


The MTS system is not listed in the standard, since it has not been used in practice either in the USSR or 
other countries, 


The advantages of the MKS system which led to its adoption are the following: a) a choice of basic units 
suitable for practical purposes; b) a clear distinction between a unit of mass (kilogram) and a unit of force (newton); 
c) a good connection of these units with electrical and thermal units (for instance, the unit of power in this system 
is a watt, which in electrical measurements is equal to a product of a volt by an ampere; at present, quantities of 
heat are measured in joules, which are in the MKS system both units of mechanical and electrical energy); d) the 


formation from the MKS system, by the addition of a fourth basic unit, of units widely used in practice for measur- 
ing light (lux and nit). 


GOST 8550-57 on “Thermal units” adopted on January 1, 1958,uses for measuring thermal quantities the 


meter, kilogram (mass),second, and degree, The standard also permits the use of nonsystem units based on the 
calorie, 


Mole units are formed from the specific units listed in the standard by exchanging in them the gram for a 


mole and kilogram for a kilomole; a mole is taken to be the quantity of a substance whose mass in grams is equal 
to the molecular weight of that substance, 


According to international recommendation,the unit of heat is considered to be a joule, whose value is fixed 
in GOST 7664-55 on “Mechanical measurements*, 


The value of the widespread nonsystem thermal unit, the calorie, was defined according to the decisions of 
the international conference on the propertiesof steam, i.e.,1 cal = 4.1868 joules, 


As the unit of temperature GOST 8550-57 adopts a degree Kelvin (°K) in the absolute thermodynamic scale 
and a degree centigrade of the international scale (°C), The definitions of both scales are given in the appendix 
to the standard, 


GOST 8033-56 on “Electrical and magnetic units’ adopted on January 1, 1957, replaces OST 515 on “Inter- 
national electrical units* and OST VKS 5578 on “Absolute magnetic units of the electromagnetic CGS system", 
With the introduction of the new GOST, the “Directive on electrical and magnetic units? approved by the Com- 
mittee on Measures and Measuring Instruments on April 13, 1948, also became invalid, The latter document was 
meant to substitute international electrical units by absolute units, but the absolute electromagnetic system adopted 
by it, the MKSM system, with the fourth basic unit, the magn, was not used in practice. 


The drafting of the new GOST was guided by the necessity of: 


a) establishing a unified system of electrical and magnetic units, instead of a collection of units from va- 
rious systems, which in fact was the case in practice before the new GOST was adopted; 


b) to provide, in conformity with the recommendations of the international metrological organizations, the 
change-over from international electrical units to absolute practical units, i.e,, to units based on measurements of 
length, mass, and time; 


c) to provide in the standard for practical use, side by side with the basic system, of another system, which 
is widely used in physics, and of some widespread nonsystem units. 


In drafting the standard, the question was discussed whether to base the electromagnetic system on three 
basic units of length, mass, and time,or to use the fourth unit which reflects the character of electromagnetic phe- 
nomena, similar to the method adopted in other branches of physics (thermal and light units), 


As the result of these discussions and the recommendations of the international metrological and standard- 
ization organizations,the new GOST provided: 


a) the adoption of the absolute practical system of units MKSA based on four fundamental units: the meter, 
kilogram, second, and ampere; 


b) the use for electrical and magnetic measurements of the CGS system based on the centimeter, gram, and 
second, 


GOST 8849-58 on “Acoustical units" was adopted on January 1, 1959, replacing OST VKS 7242 on “Units in 
the sphere of acoustics", The former standard contained in the main CGS units and certain nonsystem units (for 
instance, the watt and square centimeter), It also included purely mechanical units, for instance, those of elasticity 
and ductility. 


_ The new standard is based on the following principles: 
a) aprecise specification of the standard, according to the system of units adopted; 


b) adoption as the basis of the MKS system, which is used by other standard specifications for measuring units, 
in order to unify all spheres of physical and technical measurements; 


c) inclusion in the standard of the CGS system widely used in acoustics; 
d) the limiting of the list of units included in the standard to the most widely used acoustical parameters, 


GOST 7932-56 on “Light units," adopted onJuly 1, 1956,replaces OST 4891 and the "Directive on light 
units" of 1948. 


The new standard uses a single system of units with the meter as the unit of length, In OST 4891 the centi- 
meter was taken as the basis for deriving units, and in the “Directive on light units," both the meter (lux and radstilb) 
and the centimeter (phot, radphot, and stilb). 


In the OST 4891 and the “Directive on light units" of 1948 the unit of luminous flux,the lumen, was taken 
as the basic unit for light measurements, This was due to several reasons, the most important one being the pos- 
sibility of developing the light units in the form of energy units for measuring radiation energy. 


Since the ninth and tenth General Conferences on Weights and Measures decided to take the candle as the 
basic unit for light measurements, and the candle became one of the six units comprising the basis of the Inter- 
national System of Units, it was considered advisable to take the candle as the basis for the light units in the new 
USSR standard in order to conform with other countries, 


GOST 8848-58 on “Units for x-ray and gamma-ray radiations and radioactivity” was adopted on January 1, 
1959. In this connection,the OST VKS 7159 on “Units of radioactivity” and OST VKS 7623 on “Units of x-ray radi- 
ations" were abrogated, 


When the standard was reviewed, it was aimed at establishing a unified recommendation for units measuring 
ionizing radiations,taking into consideration the changes which had occurred in x-ray measurements and radiometry 
in connection with the latest developments in nuclear physics,and at bringing this standard into line with other State 
standards for measuring units and with international recommendations, 


Similarly,for standards for other physical units (electrical, acoustical) this standard provides the possibility of 
using two systems, the MKS and the CGS, In this connection the units of the intensity of radiation and for determin- 
ing the unit dose of x-ray and gamma radiations and the absorption dose (roentgen and rad) are given in both systems, 


The units and definitions are given first in the MKS system, which is preferred. Units and definitions are 
also given in the CGS system because in nuclear physics the latter system is mostly used, 
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The basic unit of x-ray and gamma radiations, the roentgen, has been determined as the result of a discussion 
on this question and taking into consideration international recommendations, 


In determining the unit of radioactivity, the curie, the standard deviated from the 1956 recommendations of 
the International Commission on Units and Measurements of Radioactivity, according to which the curie is deter- 
mined as the unit of the quantity of radioactive substance evaluated by its radioactivity, According to GOST 8848- 


~58 the curie is a unit of the activity of radioactive isotopes and is determined by the number of nuclei which dis- 
integrate in one second, 


The new State standards for physical units approved in 1955-58 and replacing those of 1932-34 are based on 
the International System of Units adopted in 1956 by the International Committee of Weights and Measures, The 
International System of Units is based on the six fundamental units established by the Tenth General Conference 
on Weights and Measures and is the most up-to-date system which unifies measuring units on an international scale. 


The adoption of the new standards for physical units is an important measure for providing a unified system 
of measurements which will tend to advance the technical progress of our country. 
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WORKING OUT TEST RESULTS BY MEANS OF 
PROBABILITY PAPER 


I. V. Dunin-Barkovskii 


In physical experiments, measurements, etc.,it is often necessary to determine the mean arithmetic and root- 
mean-square deviations of resultsand to check whether the distribution is normal, For such checking the method 
of plotting a straight line diagram on probability paper [1, 2] shown in Fig, 1 is most convenient. The paper is 
ruled to a special functional scale, whose plotting is explained below, Values x of the attribute under consideration 


are plotted along the X~axis,and the accumulated weighted frequencies obtained during observations are plotted 
along the Y-axis,and calculated from 


mj 
(1) 


where W(x;) is the accumulated frequency corresponding to the ith (i=1,2,..., k) term of a variation series of 
the attribute values, i.e., values arranged in an ascending manner (or descending, which is immaterial since a nor- 


mal curve is symmetrical); m, is the sum of the frequencies of the observed values from the first to the ith, in- 
clusive; n is the number of observations. 


pm0% Usually n is chosen to be n = 99 or n =999, 

9995 so that the values of W(x,) can be obtained from 

998 14-44 those of m; by simply moving the decimal point 

995 TW \h 4 the required number of places, The horizontal 

990 j scale of the graph is linear, and the vertical one 
¢ | is such that the relation between the normal 

9s0 +t distribution function and the normalized value 


920 “ of z, the argument of x, appears on the graph 


400 as a straight line, i.e., such that a straight line 
700 should be represented by function 
Pg = do(z) + 0.5 (with data arranged in 


sas ascending order of attribute values), 
00 and by 
P = 0.5 ~ oz) (with data arranged in 
200 
descending order of attribute values), (2) 
m0 where ,(z) is a Laplace function (that is, the 
50 
value of the integral e 2 dv), and 
as = V 
0 
+ =th lized fx; (3 
Nos. of in- z= e norma argumentof x; (3) 
12 18 2) 2 \2 2% tervals 
Median mMe=21 Attribute 
Interquantile values, a is the abscissa of the attribute distributions 
— center; o is the root-mean-square deviation. 
Fig. 1, Probability paper. 1) Empirical curve of accu- It is fairly simple toplot the vertical 
mulated errors; 2) the upper limit of the empirical curve scale by means of a table of Laplace functions 
tolerance range; 3) lower limit of the empirical curve [2]; moreover, the probability P, or P is multi- 
tolerance range; 4) theoretical normal distribution func- plied by 100, i,e., it is expressed in percentages, 
tion, 


If in plotting the variation series,the at- 
tribute values are arranged in an ascending order, 
the slope angle of the theoretical straight line will be positive,and in the opposite case it will be negative (Fig. 1). 


| 
| 


TABLE 1 


Interval numbers 1 2 | 3 4 5 6 7 8 9 10 " 
Interval boundaries, p 10 12 14 16 18 | 20 22 24 26 28 30 
12 14 16 18 20 | 2 4 26 “8 30 32 
The value of the normalized - 
ment z in the middle of the interval -3.0} -—2.4| —1.8] -1.2] —0.6 0 0.6 1.2 1.8 2.4 3.0 
Accumulated frequencies mj; in the | | | 
‘intervals 999 988 950 864 742 590 251 102 42 10 3 
Accumulated normalized frequencies 
m; 
W(x) == hee 0.999 | 0.988 | 0.950] 0.864] 0.742] 0.500] 0.251] 0.102 | 0.042] 0.010} 0.003 


When obtaining observations and working out data, the whole range of variations of the attribute under con- 
sideration must be divided into a certain number k of intervals. Then,in plotting the experimental point on pro- 
bability paper (with the variation series having attribute values in the descending order), it is considered that the 
minimum value of the attribute corresponds to z = 3.3 and P- 100 = 99.95% and its maximum value to z =—3,3and 
P * 100 = 0.05%; in plotting the series in the ascending order of attribute-values, on the contrary, the maximum 
value corresponds to z = 3.3 and P- 100 = 99.95%, and the minimum value to z = —3,3 and P-100 = 0.05%, 


If the observations represent a record of variations of a given attribute (the height of surface irregularities, 
the mass for thickness of yarn, etc,), made by means of an instrument, it is more convenient to count the frequen- 
cies in the intervals if the paper is ruled in lines with a number of spaces either equal to,or multiples of,k. The 


accumulated frequency in each of the k intervals is assigned an attribute value x which corresponds to the middle 
of the interval. 


A smooth curve is drawn through k empirical points, The degree to which it approaches the theoretical line 
provides a criterion of the deviation of the distribution under consideration from the normal, 


Let, for instance, the value under investigation vary in the range of 10-32 y; hence the width of its distribu- 
tion will be 32-10 = 22 yw. Let us divide it into k = 11 intervals,and let us consider that the end of the 11th inter- 
val xk = 32 4 corresponds to the value of z = 3.3, and the beginning of the first interval x}, = 10 » corresponds to 
z = —3.3. Then the width of each of the 11 intervals will be equal to 


Az 0.6, 


and hence,the middle of the 11th interval will coincide with the value of z,, = 3,and the middle of the 1st inter- 
val, with the value of z, =—3. 


Let us assume that n = 999 observations were made, and Table 1 of the frequencies and their distribution ob- 
tained, 


On the basis of these data experimental points are plotted in the graph of Fig, 1,and an empirical curve 
drawn through them in a dotted line. 


It will be seen from Fig, 1 that the experimental curve deviates from the theoretical normal distribution 
curve to the left in its upper part and to the right in its lower part. 


In order to be able to judge the degree of deviation from the normal, it is necessary to plot on the graph the 


boundaries of the tolerances of the accumulated frequency curve (that is,of the curve of the empirical distribution 
function) boundaries which correspond to the appropriate level of q% [2]. 


These boundaries are plotted to the right and to the left of the theoretical curve at a distance of 


(4) 
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| 
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where zq is the argument af the Laplace function corres- 


Ds 
Bs ponding to the value of the function 
2-100 (5) 
N 
2 — og; ts the root-mean=square deviation of the empirical 
‘ distribution function from the theoretical distribution func- 
120 20 300 500 00 800 G00 950 $80 995(p,-p,) 90% tion at point z = u,, and is equal to 
Fig. 2, Dispersion ratio characteristic: evalu- [0.54% (6) 
tion of the F parameter of o by means of the ug rr n 
interquantile width lips = Up, Ups and the em- 
pirical root-mean~square deviation s of the prob- where g(u;)-is the normal distribution density at point 
ability difference pg— p, which correspond to Z = uy; n is the same as in (1), 


the quantiles u,, and up . Thus, for instance, with n = 999, u, = z = 2 and 


q = 0.1%, we obtain (by using a Laplace-function table 
and a normal density of distributions) 


)=0.5 — 049985: 2.1 =3-29: 
0.4772) —0.087; 


hence, 


9=3.29-0.087=0,29 


The boundary lines of the tolerance region obtained by this means are shown in Fig. 1 by two lines sym~- 
metrical with respect to the theoretical straight line, 


It will be seen from Fig. 1 that the empirical curve does not exceed the tolerance values, i.e,, the hypothesis 
that the distribution of the attribute under consideration is normal holds with a level value of q = 0.1%, 


If the test results fall within the tolerances of normal distribution, its stochastic characteristic (mean value or 
the position of the distribution center or of the root-méan-square value) can be evaluated by means of the same 


gtaph (Fig. 1). 


The center characteristic can be determined by the median, which corresponds to the crossing of the em- 
pirical curve with the horizontal line of y = P- 100 = 50.0%, It will be seen from Fig, 1 that the median corresponds 
to 21 yp. 


The root-mean-~square deviations can be evaluated by means of the interquantile range Lips » ie., by 
means of the distance between points Ep, and € pz 2t which the theoretical distribution function is equal to p, and 
Pestespectively. Between o andLp.», there exists the relationship 


L 
=22, (7) 


where 
(8) 


Zp is the argument of the Laplace function which corresponds to the value 
(9) 


if L p,p, 18 placed symmetrically with respect to the center a of the distribution. 
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By using the empirical interquantile range Ip, »we shall obtain with normal distribution a relationship for 
finding value 3 of the root-mean-square deviation o {n the form 


= 
2zp (10) 
where 
ly, p, =4p, (11) 


Tp, and fi’p, are the abscissas of the empirical curve whose ordinates are equal to py and pg. It is clear that if the 


data is arranged in the ascending values of the attribute, points Ep, and Ep, (and also ft, and t. interchange 
theis positions, 


The question now arises what value of the difference pg—p, should be chosen,and hence, what Zp in order to 
make the evaluation most effective, 


If the number of observations is sufficiently large (and with automatic counters it is always large), it is pos- 


sible to use for the evaluations of the effectiveness of § as a measure of o the asymptotic distribution of the chosen 


quantiles Up, and Th. 


On the basis of the theory of asymptotic distributions [2] we obtain for the dispersion of a quantile, 


~  p(i—p) 
Duy ng? >) o? (12) 


and for the correlation coefficient between the quantiles, 


P; 
(13) 


where p is the probability to which the given quantile corresponds; g(€p)— the distribution density at a point cor- 
responding to the theoretical quantile Epi a — the same as in (1);p, and ppg — probabilities corresponding to quan- 
tiles and Pe’ 


On the basis of the dispersion theorem for the sum of correlated quantities,we have 


Di, Dity, + Dity,—207, tip! 


whence, from equations 


~ 


Da, = Du, & 
we obtain 


pi. 


The most effective evaluation of o will be obtained by means of the interquantile width Lb iP for which the dis- 
persion D§ is at a minimum. 


o?. (14) 


On the basis of (10) and (14) we have 


P: (P2—P;) 
2nz? 


(15) 
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TABLE 2 


oe 5 4 63 228 | 500 | 668 wor | 100 | 1367 1587 | 2000 000 | 3085 4000 
10* 9905 | 9986 | 9907 | 9772 | | 9198 | 9000 | sox | sais 8000 7000 | 6000 
104 9990 | 9972 | 9874 | 9900 8664 | 8000 | 7286 | 6826 6000 | 4000 | 2000 
a 18,32 | 7.76 | 3.24 | 2.28 | 1.57 | 1.54 | 1.53 | 1.45 | wn | 185 | 2.16 | 3.62 | 3.82 | 9.36 


Considering that the dispersion of the empirical root-mean-square deviation s is equal to 


and taking into consideration (15),we have 
Ds (Pa—P) (17) 
Ds 223, 


Solutions of Eq. (17) for various values of p, and pg are given in Table 2, 
Figure 2 shows the relation of D§/ Ds to the difference pg—p,, taken from the data of Table 2. 


It will be seen from Fig. 2 and Table 2 that the minimum value of Ds/Ds = 1.45 corresponds to the probabil- 
ities p; = 0.10 and pg, = 0.90 for which, according to (9), Zp = 1.28, 


Thus, it is advantageous to evaluate parameter o by the interquantile width 19,49, 9,99. Nevertheless, it is 
necessary to make about 45% more observations than it would have been necessary to make (for an equal accuracy 
and reliability) if o were evaluated by the empirical root-mean-square deviation s. 


' Then (10) acquires the form 


0.90 
2.56 (18) 


It will be seen from Fig. 1 that in our example the empirical interquantile width is equal to 19 49. 9,99 = 25.2 — 
—16.5 = 8.7 ys; hence,from (18) we find 


CONCLUSIONS 


Above method of evaluating the mean value and the root-mean-square deviation of a number of observa- 
tions with a simultaneous checking of deviations from a normal distribution curve requires a fraction of the time 
normally required by conventional analytical methods, 
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LINEAR MEASUREMENTS 


CHECKING THE THICKNESS OF STRAIGHT-TOOTH 
ANGULAR-~WHEEL TEETH BY THEIR EDGES 


P, M. Danilyuk 


The existing methods of checking angular-wheel teeth suffer important defects. Hence, the development of 
new control methods has become a pressing problem. 


The theoretical basis of a method developed by the author for checking the size of straight angular-wheel 
teeth by using balls which run over their edges and measuring the distance between the extreme points of two balls, 
inserted into diametrically opposite tooth spaces of the gear wheel, 
y spaces formed by the crossing of the side bevel surfaces with the ad- 
ditional external bevel surface, Formulas for the calculation of the 
ball diameters and the distance between their extreme points are also 
given, 


Let us assume that the center of the ball which is placed between 
the teeth lies in the same plane as its points tangential to the sides of 
the teeth and that the plane is perpendicular to the axis of the wheel, 
Let us project the ball and the edges of these teeth onto the base plane 
of the pitch cone, Let us examine a general case when the bevel- 
wheel is cut with a certain divergence in the initial generating wheel, 
and the ball is touching the tooth edges at points M and M' which are 
situated on a circumference at a distance of radius r, from the wheel 


- 


axis (Fig. 1). 
Fig. 1. Position of the ball inthe Let us rotate the projection of the tooth edge together with that 
space formed by the edges of the of the ball and the adjacent tooth edge clockwise through a certain 
teeth, angle about the axis of the wheel so that radius CM of the ball and 


line MN normal to the edge of the tooth at point M should become 
perpendicular to the new X~axis ox, (see Fig, 2), Then the angle of 
rotation ¢, must equal the angle of evolution of the tooth edge pro- 
jection at point M and the coordinates of the point will be 


si 
(1) 
3i 
(¥x—v) 
where J is the length of the pitch cone generating line; y, is the 
Fig. 2. Position of the ball inthe angle between the involute conical surface generating line and the 
tooth space after the rotation of axis of the pitch cone; y is the angle of the pitch cone; p is the angle 
the wheel through angle ¢,. of the generating cone; », is the variable angle between the radial 
al 


line which describes the involute conical surface and the instantaneous 
axis of rotation. 
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The ball diameter (Fig. 2) is 


d=2(CN—y,). (2) 
/ The distance is 
| 
= 4 (3) 
Tg . J where ¢, is the angle between the middle line of the 
- tooth space projection and the Y-axis. 
a b By substituting the corresponding value in (2) we 
Fig. 3, Position of two balls during the check- eum 
ing of an angular wheel, a) With aneven num- 
ber of teeth; b) with an odd number of teeth, hn ee siny,). (4) 


If the number of the wheel teeth z, is even, the distance M, is equal to (Fig. 3a) 
Me=2CO+d, (5) 


where CO is the distance from the center of the ball to the axis of the wheel, 
For an odd number of teeth the distance Mo is (Fig. 3b) 


go° 
M,=2COcos = +d. (6) 
The distance from the center of the ball to the wheel axis can be found from the triangle CNO (Fig. 2), We 
have 
x lsinpcos}, 
cost cos (y,—y) cost, (1) 


Hence,the final distance between the extreme points of the balls will be 


for an even number of teeth 
2isinpcos}, 
= d; 8 
cos (y,—y) costs 
and for an odd number of teeth 
2lsinpcos} = 
M.= 4d. 
cos (y, —¥) Costs 


In order to obtain design formulas it is now sufficient to substitute in (4), (8), and (9) all the values given in 
[1]. Then fter certain operations we obtain, respectively, 
m2, 


dus 
V 1—sin*ycos*a, 


(Acosapigl -—B): (10) 


A 
+4: (11) 


cost, V 1—sin?ycos?ay 


mz, Acosagcos—— 
J 


Mo= +d. (12) 


cost, VY 1—sin*ycos?a, 
Here 


A= (1+ sin2y(1 + cosy (13) 
nV (1 + cosy) (14) 


where mis the modulus; a» is the generating angle; f is the coefficient of the distance from point M to the gener- 
ating line of the pitch cone, expressed infractions of the modulus, 


Angle ¢x canbe calculated for the case of checking a corrected wheel from the formula 
90° t 
1 


where g_ is the angle of evolution in degrees of the toottredge projection at point M; € is the coefficient of diver- 


gence of the generating wheel; 6, is the tooth-edge projection involute-angle expressed in degrees at the point 
which coincides with the pitch cone, 


The angle of evolution ¢, is determined from the formula 


arct 2. in 
(16) 

sinycosd, 


The involute angle 6, is determined from formula (14) in [2]. 


If the checking is made by means of balls which are tangential to the teeth edges at points which coincide 
with the circumference of the pitch cone base, the value of f = 0 is then taken in Eqs, (10)-(16). 


When uncorrected angular wheels are being checked the value € = 0 is inserted in (15), 


CONCLUSIONS 


1. Above formulas are general and suitable for calculating dimensions required in the checking of corrected 
or uncorrected involute straight-toothed angular wheels with any number of teeth or any gear ratios, Since the 


deviations of the octoidal from the involute toothing is small, above formulas can be used for checking octoidal 
angular wheels with a sufficient degree of accuracy. 


2. Above method, similarly to other known methods, requires careful axial adjustment in placing the balls 
and the conversion of measurement results to the size of teeth. It is suggested to make this conversion in terms of 
the most general parameter which characterizes the size of teeth, namely, the divergence of the initial generating 
wheel, The conversion formulas are well-known and therefore omitted in this article, 


3. In order to avoid in these measurements any mathematical calculations, which are very cumbersome for 
angular wheels, it is advisable to compile and issue tables which would eliminate the necessity for calculations, 
LITERATURE CITED 
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A DEVICE FOR MEASURING TAPER GAUGES 


M. I. Malakhov 


The Tambov factory "Komsomolets" is successfully using a device developed by the author for measuring 
taper gauges in a simpler manner. 


Plate 3, which has a lapped surface for taking block gauges when taper gauges are measured, is pressed on 
to base 1 equipped with three screws 2 for levelling it up. 


Strip 4 is fixed to base 1 by means of lugs and 
screws and is provided with a free movement about 
axle 5, 


Pe. 
- 


The micrometer frame is pressed into strip 4, 
The frame is calibrated in 10° of the arc, The mi- 
crometer thimble has 50 graduations of 6" each, In 
order to prevent distortion when measuring different 
angles ,the micrometer spindle has a spherical end, 


Strip 4 carries on screws and pins V-blocks 6 with grooves along which centers 7 can move and be secured by | 
means of holding bolts and nuts, 


The whole device rests with the spherical surfaces of its adjusting screws 2 on a base plate with a scraped 
or polished surface, The micrometer is set to the zero position, Next,the centers are secured in their grooves by 
means of bolts and nuts,and the axis of the centers is accurately placed in a horizontal position by means of screw 
2 which is in the same plane as the micrometer, i,e., the axle is placed parallel to the base plate. 


The horizontal position of the axis of the centers is checked by measuring the height of the upper edge of the 
centers, whose diameters must be identical, with a height gauge (or an extensometer) fixed to a universal stand, 


The tested taper gauge is fixed between the centers, The axis of the centers, and hence, that of the taper 
gauge, is then fixed at half the apex angle so that the taper gauge generating line is parallel to the base plate. 


If half the apex angle of the cone does not exceed 1°, it can be measured on the micrometer, and if it is 
larger than 1°, it should be measured by means of a set of block gauges, 


The instrument is supplied with a table which provides the equivalent of each degree of the arc in terms of 
the linear elevation of the strip. 


Thus, half the apex angle in degrees is set in block gauges by means of the table, and the minutes and seconds 
are set by means of the frame and thimble of the micrometer. 


When the device is set to the required angle of elevation a height gauge is placed under the upper gener- 
ating line of the taper gauge,and height gauge readings are taken at various points along the length of the taper. 
If all the readings are the same, it means that the generating line is parallel to the base plate and the taper gauge 
angle is correct, 


If there is a difference in readings, it can be quickly determined in terms of angular measures by means of 
the micrometer, whereas when the angle is measured with a sine rule, the deviation has to be calculated from 
special formulas and tables. 
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MEASUREMENT OF THE WEAR OF GRINDING DISKS 


M. R, Besser 


In automation of grinding and the planning of requirements in grinding disks,it is necessary to know the 
amount of wear in the disks both during setting and grinding, This is particularly important in the case of internal 
grinding in which disks are used 1/10 to 1/15 in diameter as compared with those used for external grinding. For 
measuring the wear in disks of the latter type, mechanical lever instruments, normally extensometer, fixed to the 
guard case of the grinder are used. In internal grinding the guard is not fixed permanently to the disk, and is ap~- 
pended to the disk only on completion of the grinding and extraction of the disk from the hole; thus,it is impos- 
sible to mount the measuring instrument on the guard casing, since such a method would not provide the required 
accuracy, 


For such measurement a device described below is suggested, 


The body of the device rests with its V-block 1 on the grind- 
ing disk spindle, and is counter-balanced by weight 2, A carriage 
which serves for the preliminary setting of the extensometer with 
respect to the grinding disk runs along the body of the instrument 
in a “swallow tail", The position of the carriage is secured by means 
of fixing screws 3 and wedge 4. The frame of the micrometer, 
whose screw carries on pins 5 shoe 6 with the extensometer support, 
is firmly fixed to the carriage, 


By means of the micrometer ratchet the extensometer is set to 
zero,and then the shoe is secured with the holding device 7, The 
measuring tip of the extensometer is fitted with a flat end piece, 
so that it always rides over the grains without penetrating into the 
pores, The end piece is made of a hard alloy VK~2, thus eliminating 
scratches on its surface, 


In order to be able to measure the wear of the grinding disk 
in several prearranged places, the pulley of the grinder carries a disk 
with figures marked on it,and a microscope is fixed to the end stock 
support, By rotating the pulley, any required graduation is placed in 
line with the eyepiece cross hairs, and the grinding disk is thus fixed 
is in a definite position. The measuring device is placed in position 
for each measurement by means of a level and adjusting screw, which refers the position of the device to the face 
of the end stock, 
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AN ATTACHMENT TO THE INSTRUMENT FOR CHECKING 
THE RUN-OUT OF SMALL=-MODULE GEARS 


G. S. Bakhtov 


Lever instruments used for measuring the run-out of small-module gears can be used as universal instruments 
for measurements similar to those made with extensometers on stands or telescope height gauges. For this purpose 
we developed a simple device, Socket 3, with a tapered hole ground-in to take the stem of a measuring table4 
of the type used with height or distance gauges, is fixed by means of three screws 2 to plate 1, which is 90 mm 
long and 11-12 mm thick. 

Plate 1 is bevelled along the two sides of its length so as to fit into 
, ‘ the “dove-tail” of the stand (the basetable with the centers is removed), 
The measuring table 4 is adjusted according to operating instructions 108-55 
9 of the Committee of Standards, Measures, and Measuring Instruments. 


When the instrument is used as an extensometer, the lateral movement 
ae (left and right) of the measuring head is preventedso as to provide a move- 
ment permanently perpendicular to the set measuring table, 


In practice the best stable position is provided by screw M4- 0.7 with 
a 60° cone at its end, threaded through the right side of the head support 
into the radial end of the rib. 


AUTOMATION OF THE STATISTICAL TREATMENT 
OF OBSERVATIONS 


A. N. Kartasheva 


In the day-to-day work of metrological organizations and other establishments which conduct experimental 
work, it is often necessary to carry out statistical treatment of a relatively small number of test results, 


The level of automation and mechanization of these operations is much lower than that of the treatment 
of mass statistical data in statistical institutions and large establishments, 


If the widespread use of the above less extensive tests is taken into account, however, it becomes clear that 
the automation of their treatment could produce a considerable economic, effect, not only due to the saving in 
the labor time involved in these calculations, but also due to the reduction in the time taken by the industry in as- 
similating the results of research, 


However, the procedure for such automation cannot be borrowed in a mechanical manner from the experi- 
ence of automation of mass statistical data, In this case an approach is required which takes into consideration 
the diversity of the materials and the relatively small number of tests, Thus, it would seem here that the 
required results will not be obtained if automation involves extensive preparatory work (in programming, etc.), 


The problem consists in developing and improving convenient portable instruments which speed up the work- 
ing out of the results but do not require preparatory work for their operation, 


A rather interesting example of such “minor automation" of data processing is presented by the Massing 
(FRG) electronic computer, purchased by the All-Union Scientific Research Institute of the Committee of Stand- 
ards, Measures, and Measuring Instruments,and intended for obtaining the observations’ distribution curve, the 
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degree of its approach to a normal distribution curve, and other statistical characteristics (the median, and the 
root-mean-square deviation), 


The aggregate of values intended for processing by this instrument can be fed to it either in the form of a 
continuous process or discrete values, obtained from a table or graph; and they can therefore be fed to the instru- 
ment either in the form of a de voltage which varies between 20 and 100 v proportionately to the variable under 
consideration, or manually by pressing the buttons of a tabulator, 


The computer automatically divides the measured variable into intervals and in a set sequence obtains ran- 
dom samples. The results of calculations are stored in electromechanical counters in the form of cumulative fre- 
quencies, 


Computer M128 consists of two separate units, namely, a supply unit 1 and an electronic computer with a 
control board 2, 


The vertical panel of the board contains 11 electromechanical four-digit counters which show the cumulative 
frequencies for 11 intervals, The counter on the left-hand side indicates the total number of observations, 


The right-hand-side lower corner of the control board slanting panel contains 11 tabulator buttons, whose de- 
pression connects any recording of the variable obtained in any of the 11 intervals (ranges) to the appropriate counter. 


The continuously variable voltage obtained from an electromechanical transducer (and proportional, for in- 
stance, to the variations of the thickness of a uniformly drawn thread), is fed to the input of instrument M128 
which automatically counts the frequency distribution of voltages in any of the 11 ranges, The initial setting of the 
ranges, their width,and the frequency of sampling can be set by the operator, 


The left-hand-side bottom corner of the slanting control panel carries four knobs; a) for switching onthe 
instrument; b) for setting the initial position of the ranges; c) for setting the width of the ranges (they can be set 
in steps of 2-10 v); and d) for setting the frequency of sample selection (1, 2, 5, or 10 samples per second), 


If the measured voltage is too small or the impedance of the measuring instrument too high, unit M119 (3) 
is connected to set M128 (2) in order to raise the gain of the device up to 150 times, The minimum voltage at 
the input of the amplifier must not be less than 800 mv, 


The full complement of the instrument contains besides unit M119, an additional two units; namely, 
unit M120 (4) called the summing unit, and M124 (5),the aperiodic-pulse generator, 


The summing unit serves to obtain automatically mean arithmetic values over a given interval of the vari- 
able voltage, which is transmitted to the counting set M128 in the form of short pulses, On the basis of these pulses, 
set M128 determines the cumulative frequency. 

The summation time can be set in stages of 0.2 to 10.2 sec, and the anticipation time (the interval between 
successive summations), within a range of 0.2 to 5 sec, via stages of 0.4 sec, 

Instrument M120 is convenient for observing, for instance, the mass or mean thickness of a thread, paper, 
yarn, etc, (over definite lengths) without cutting them, During the summing of the pulses, set M120 averages the 
signals coming from the electromechanical transducer and sends a pulse to set M128 at the end of the summation 
period. 


The aperiodio-pulse generator M124 serves to select random test samples, an operation which in the case, 
for instance, of the thickness of a continuously moving yarn is equivalent to a random distribution of the segments 
recorded by the instruments along the length of the yarn, Generator M124 contains a very small quantity of a 
radioactive substance, whose random disintegration is recorded by a Geiger-Mueller counter, The pulses thus pro- 
duced are amplified and fed to a counting unit, which accordingly works at an irregular random rate, 


All the units of the instrument are fed from mains of 220 v and 50 cps. 


The statistical characteristics (median, root-mean-square deviation) can be conveniently determined graphic- 
ally from the cumulative frequencies by means of probability paper, which can also be used for determining the 
deviation of the distribution from the normal, 


Above computer was tested out at the All-Union Scientific Research Institute of the Committee of Standards, 
Measures, and Measuring Instruments, The calculation of the empirical root-mean-square value of the deviation 


was carried out by means of this instrument and 
probability paper, and also by the conventional 
analytical method, The obtained differences be~ 
tween the two methods did not exceed 5-6%, It 
should be noted that this discrepancy is largely 
due to the distribution law of the values for which 
the root-mean-square deviations are being deter- 
mined: the nearer does the distribution approach 
the normal, the more accurate do the results be~ 
come, 


The labor productivity when working with the Massing instrument and probability paper is 4-5 times greater 
as compared with the normal analytical method of working. 


These tests have also shown that certain elements and principles employed in this instrument deserve atten- 


tion in connection with the development and improvement of our own instruments for automatic statistical treat- 
ment of observations, 


Thus, the following should be noted: 


1. the use of a push-button feed of the variable under test to the counting unit, in addition to the automatic 
feed from the transducer; 


2. the use of probability paper for checking deviations from normal distributton with deviation tolerances 
already drawn on the paper; 


8, the use of a summing unit for obtaining mean values of masses or thicknesses for required lengths; 


4, the use of an aperiodic pulse generator for obtaining random distributed samples at random intervals o 
time in order further to ensure the representative nature of the sampling. 


MECHANICAL MEASUREMENTS 


AN AUTOMATIC COMMUTATING DEVICE FOR MULTICURVE 
STRAIN RECORDING 


A. M. Davydov 


Experiments in which one instrument records reading of several transducers require commutating devices, 


The commutator whose schematic (in the nonoperative condition) is represented in Fig, 1 can serve up to 
100 transducers, 
Dk 


(normally closed) 


Relays A and B constitute a pulsating pair 
which provides pulses for the electromagnet (EM) 
of a step-by-step selector, Switch T, provides in 
position 1 access to all the transducers and in posi- 
tion 2, to one at a time, 


Push-button K serves to start the commutator 
Fig. 1 by operating relay A over circuit 0-1, The normally 
open contact A, closes circuit 2-2 and energizes 
relay B, In its operation, relay B closes the normally open contact B, in the 3-3 circuit, thus operating the electro- 
magnet EM, When button K is released, circuit 0-1 is opened,and relay A is deenergized. Circuit 2-2 is broken 
through contact A,, thus deenergizing relay B, In releasing, relay B opens contact B, in circuit 3-3; since the cir- 
cuit becomes deenergized,the electromagnet EM releases,and the step-by-step selector makes one step. 


If switch T, is in position 2, there will be no repeated operation of relay A (circuit 1-1 is broken), although 
the driving contact of the selector Dy will close after the completion of the step, In order to make relay A operate 
again, button K must be depressed again, thus making the selector wipers advance one more step. 


If switch T, is in position 1, circuit 1-1 will be closed after the first step of the selector through contact Dy 
and the normally closed contact Bg, In this position relay A will operate again, etc, The pulse-sending cycle will 
be repeated, i.e,, the depression of button K will in this case connect all the transducers sequentially. 


The connecting time of each transducer can be varied between 0,05 and 0,5 seconds by means of the var 


able resistor Ry = 3 kilohms and capacitor C = 100mf, which are connected in the relay B circuit, Relay B is made 
slow- releasing. 


Thus, the pulse-pair of relays, whose pulse duration can be controlled, is the driving element of the com- 
mutating device, 


Type RKN relays have been used for the pulse-pair, and relay B equipped with a copper ring (basic lagging 
of the relay). 


Spark-quenching circuits are connected across the contacts of relays A and B between the positive supply volt- 
age and the contacts of the relays, These circuits consist of series-connected resistor r= 10 ohms and capacitor 
C, = 1mf, connected in parallel with the sparking contact. 


The basic switching device of the commutator is the step-by-step selector ShI-25/4 which has four multiples 
of 25 working contacts each, The selector levels are switched by means of relays C, P, R, and Q, 


Type TV2-1 tumbler switches Tg, Ts, and T, limit the number of connected transducers, 


o 1 ? J ¢ §6§ fF 4 
2 
25 


If the switch Ty is in position 2, the sending of 


1 pulses is stopped as soon as 25 transducers have been 
,, | to the recorder discretely connected, since when the selector is re- 

k = kilohm turning to normal it opens contact D,, breaks circuit 
Liu 1-1,and releases relay A, 


If switch T, is in position 1, but Ty in position 2, 
Fig. 2 50 transducers are discretely connected, since relay C 
is released by the operation of the normally closed 
contact E, in circuit 5-5, The normally open contacts C, and Dy in circuit 1-1 will, of course, remain open, and 
relay A will be de-energized. 


If switches T, and T; are in position 1, and T, in position 2, 75 transducers will be discretely connected, since 
circuit 1-1 will be broken by the normally open contact P, after relay P is released by the normally closed contact 
E, in circuit 7-7, 


Relays C and P are released by the auxiliary relay E, which operates over circuit 6-b when T; is operated, or | 
over 8b when T, is in position 2, and breaks circuit 5-5 by its normally closed contact E,, or circuit 7-7 by its 
normally closed contact E,, thus energizing either relay C or P. 


Finally, when all the switches T,, Ts, and T, are in position 1, all 100 transducers are discretely connected. 


Let us examine the operation of the switching relays when switches T;, Ts, and T, are in position 1, Relay 
C connects selector multiples I or II. In the initial position the wiper of the first multiple is connected through 
the normally closed contacts C, and Ps to the positive side of the supply voltage (circuit 4-4), The remaining 
selector multiples are not supplied with current, After the 25 transducers have been connected in turn, relay C 
operates over circuit 4-5 and locks itself through its normally open contact C, and the normally closed contacts 
P, and E, over circuit 5-5, Simultaneously, the normally closed contact C, breaks the 4-4 circuit thus deenergizing 
multiple I, and the normally open contact Cs connects multiple II (circuit 6-6), In circuit 1-1 the normally open 
contact Cy, will close, and relay A will be energized, although contact D, will remain open in the initial (zero) 
position of the selector. 


After the second revolution of the selector rotor, relay P operates over circuit 6-7, and the normally closed 
contact P, in circuit 5-5 unlocks relay C, At the same time contact Cy breaks the circuit of multiple Il,and mul- 
tiple I cannot be reconnected,since the normally closed contact Ps is now open, Relay P locks itself through the 
normally open contact Pg and the normally closed contacts Q, and E, over circuit 7-7, connecting through the nor- 
mally open contact Ps and the normally closed contact R, the wiper of multiple III to the positive side of the sup- 
ply voltage (circuit 8-8). In circuit 1-1 relay A is prepared for further operation through the normally open con- 
tact P,, which is now closed. 


Finally, selector multiple IV is connected through the normally open contact R, when relay R is operated 
over circuit 8-9, and locks itself through the normally open contact Rg and the normally closed contact Q, (cir- 
cuit 9-9), The multiple III wiper circuit is broken by the normally closed contact R,,which is now open, Since 
relay P remains locked, circuit 1-1 remains closed through the normally open contact P,, which is still closed,and 
relay A remains operative. 


After the 100 transducers have been connected in turn, relay Q operates over circuit 10-10, and unlocks re~ 
lays P and R by its contacts Q, in circuit 7-7 and Q, in circuit 9-9, Circuit 1-1 is disconnected, since the selector 
wipers have returned into their initial position,and the pulse-pair stops the sending of pulses. The contacts of the 
switching relays return to their initial position, 


For a further operation of the commutator, it is sufficient to press button K, For this purpose any normal 
open button switch can be used, 


The switching relays C, P, R,and Q and the auxiliary relay E are of the quick-operating type RKM,whose 
operating time and release time must be less than 10 msec, Other types of relays can also be used, providing they 
are made quick-operating by means of any suitable circuit. 


The ShI-25 / 4 selector contact segments cannot provide a constant contact resistance, and the transducers 
have to be connected, therefore, to the measuring circuit through relay contacts, The windings of these relays are 


connected to the corresponding segments of the selector multiple, from which they receive through relay contacts 
and wipers the positive supply voltage. The other ends of the windings are connected to the common negative, 
Figure 2 shows the schematic of the transducer relay connections for multiple 1; the remaining multiples are con- 
nected similarly, 


The type RS-13 relays, which connect the transducers to the measuring circuit,are mounted in a separate 
unit placed in the lower portion of the commutator panel. 


In order to decrease the contact resistances and improve their reliability, the transducers are connected by 
means of two parallel contacts, Signal lamps are connected by means of contacts of the same relays and serve 
to indicate the number ofthe transducer connected for recording, This arrangement also checks the operation of 
the transducer connecting relays. 


The signalling lamps are of the SN-30 type mounted in SLTs-51 sockets. 


The commutator is fed from 220/127 v mains through a step-down transformer and rectifying bridge circuit 
with a capacitative filter. Germanium diodes(type DGTs~21)are used in the bridge, The use of a separate 28 v dc 
supply is provided for. 


For multicurve strain gauge measurements tranducers should be selected by their ohmic resistance, The com~ 
mutating device has an adjusting panel which provides equalization of transducer resistances with deviations not 
exceeding 3 ohms, For this adjustment variable resistors (type SP-2) of3.,6 ° 10° ohms connected in parallel with the 
transducers are used, Tlie adjusting resistors are mounted on the top, opening the commutator lid together with the 
signal lamps. 


The transducers mounted on the component under investigation are connected to the commutator by means 
of flexible leads through four type ShRG55P30 sockets, By means of similar sockets the set is connected to the meas~ 
uring instruments and,when necessary, to the separate supply unit. 

CONCLUSION 


The commutating device described provides facilities for working with any strain-gauge transducers, It can 
be used with carrier frequency amplifiers and circuits without amplifiers working on direct or alternating current. 
In addition, the device can be used for checking temperature and many other parameters, 


A PISTON PRESSURE GAUGE WITH A LOW SUSPENSION 
OF THE WEIGHTS 


I, A. Rogovaya and M. G. Kaganer 


The All-Union Scientific Research Institute of Oxygen Engineering has developed in connection with gas com~ 
pression research a piston pressure gauge grade, 0,02, intended for measuring pressures of 5 to 250 kg-wt/cm", 


The pressure gauge has two exchangeable piston sets for measuring pressures from 5 to 50 and 20 to 250 kg-wt 
per cmz2, 


The basic peculiarity of this pressure gauge consists in having a low~suspension loading platform, which is 
used in certain designs [1]. Beam 8 of the loading platform, which is placed under the pressure gauge table, rests 
on the top spherical end of piston 3 through a thrust ball-bearing 9. The piston is made to rotate continuously by 
means of a motor through a worm reduction gear, and a belt drive over pulley 4, which is fixed to body 1 of the 
pressure gauge and supplied with pins 5, The pins operate dog 6,which is mounted on the piston square, The rotary 
motion is transmitted through ball-bearings 7 at the ends of the dog and does not produce any strains on the cylinder, 


The same effect is also produced by the suspension of the loading plat- 
form 10, which does not require to be rotated together with the piston, 
The vertical position of cylinder 2 is attained by setting screw 11, Owing 
to its free suspension, the loading platform always takes up a position in 
which the center of gravity of the load is on the same axis as the piston, 
thus decreasing considerably the possibility of distorting the piston. 


The low suspension of the loading platform provides the possibility 
of loading it with 200 kg and, if required, even considerably more, This 
loading makes it possible to increase the piston diameter by a factor of 
5-10 as compared with a normal loading system, The manufacture with 
sufficient accuracy of a piston with a cylinder 10 mm in diameter does 
not present any considerable difficulties, 


The cylinder and piston are made of grade 12KhN3A steel with 
surface cementation and hardening to 52-56 on the Rockwell scale, The 
piston is fitted to the cylinder with a gap not exceeding 0.005 mm, 


When gas pressures are measured, a diaphragm differential manom- 
eter and a mercury regulator are used for separating the gas from the oil. 
The diaphragm differential manometer type DM-6 is very convenient for 
aeRO in | a rough selection of loads, since it registers large one-sided overloading, 
t The mercury regulator is convenient for precise adjustment of the load, 
The regulator consists of a U-shaped short differential manometer, made 
of stainless steel and supplied with a valve which separates the two branches of the tube, The branch connected 
to the gas line is equipped with an electrical contact which registers the mercury level; when the level reaches the 
contact,a signal lamp lights. The electrical contact is insulated from the body of the instrument through a plexi- 
glas bushing placed over a self-tightening tapered fitting. 


Small mercury level variations due to temperature changes or other reasons are compensated by changes in 
the valve opening. Experience has shown that the sensitivity of the regulator as a null-indicating device is 1-2 g, 


Thus, the above pressure gauge, together with the mercury regulator provides the possibility of establishing 


equal pressure in gas and oil pipes with an error of about 0.005, and of measuring the absolute value of pres- 
sure with an error not exceeding 0.02%, 
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MEASURING THE TORQUE OF DRIVING SHAFTS 


N. Ya. Bilichenko, E, Kh, Zavgorodnii, and E, M. Vysochin 


Transportation by means of belt conveyors is becoming more and more widely used in coal mines. 


One of the important questions in the complex investigations required for finding methods and means of im- 


proving the parameters and the technical and economic possibilities of belt conveyors is the measurement of the 
torque of the conveyorbelt driving drums, 
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Methods of measuring torque by means of 
resistance transducers which are glued to the shaft 
and connected in a bridge circuit [1] and by means 
of torque meters [2] are sufficiently well known 
and familiar, In both instances,the signals are ampli- 
fied and recorded on an oscillograph film, 


Under the working conditions in a mine,it is 
practically impossible to glue, dry, and calibrate the 
transducers on the driving shafts of the drums with- 
out a prolonged stopping of the operating conveyors, 
Moreover, the experience gained by us in the Krivbas 
mines shows that it is simpler and more reliable under 
coal mine conditions to measure without using ampli- 
fiers, 


In this connection a new torque meter has been 
developed and tested out for measuring torque of 
driving drum shafts on underground belt conveyors of 
types RTU~30, LKU~250, and KRSh-220, by means 
of fixing the meter on the sprockets of the drum 
chain drive after the chain has been removed, The 
torque meter (Fig. 1) consists of two dismountable 

disks 1 and 2 with grasps 3 and 4,between which a 
> Fig. 2 special electric strain-gauge torque meter 5 is placed, 
The transducer slip-rings 7 are fixed to one of the 
disks by means of screws 6, The slip-ring brushes 
\ are fixed in a permanent position on the lid of the reducing gear, The construction of the unit makes it possible to 
fix it rapidly without altering the driving mechanism, which is very important when studying operating conveyors, 


In order to be able to record efforts without using an amplifier, it is necessary to have “powerful” electric 


strain-gauge transducers, i.e., transducers whose signals would operate the most sensitive vibration oscillograph 
MPO-2, 


Recently,such electrical strain meters with “powerful” signals have been developed and tested out, Such 
meters include those of the potentiometer type [3], those with resistance wire transducers coiled inside a tube [4], 
and those of the dynamometer type [5]. The over-all dimensions requirements prevent the use of the first two types. 


The defects of a dynamometer-type transducer made and tested by us consisted of the nonlinearity of deflec- 


2), tion of the beam with respect to the measured effort, and the difference of readings when loading or unloading. 


? 

| In trying to find a better construction,we made and tested dynamometers consisting of resistance wire trans- 
ducers glued to organic glass, Tests of these dynamometers showed that the very small deformation tolerances of 

f organic glass due to the elastic aftereffect [6], required many more transducers than steel formers for the produc- 


) tion of a strong enough signal, This circumstance causes certain difficulties in the manufacture of the dynamom- 
eters and in subsequent testing with them, 


In research work electrotensometric dynamometers are used with amplifiers [7]. We used similarly constructed 
| dynamometers, 


| Their essential difference from the existing type of dynamometers consists in having four parallel groups of 

} resistance wire transducers glued to the ring and connected in a bridge circuit, thus obtaining the required power for 
| recording by means of a vibrator without an amplifier, We made dynamometers from 40KhN steel rings 40 mm 
( wide, with an external diameter of 80 mm and an internal one of 74-40 mm, intended to take loads of 200-10,000 

) kg-wt. For convenience of applying the load to the ring, it is supplied with two collars, 


The resistance transducers are made of constantan 0.05 mm wire, they have a base of 17 mm and a resistance 
of 47.5 ohms each. A transducer group (arm of a bridge) consists of four such specimens connected in parallel, 
| All the transducers are operative. The total bridge resistance is 12 ohms, The bridge operating voltage is 8 v. 


Fig. 1 
) 
> 
29 


The transducers are glued with adhesive BF-2, In order to protect the transducers from mechanical damage and to 


provide fixings for a four-pin socket,the ring is covered on both sides with celluloid covers fixed together by means 
of bolts, 


Figure 2 (a and b)shows the calibration graphs of these dynamometers with rings respectively 3 and 5 mm 
thick, The calibration was carried out with vibrator type VIII. It will be seen from the curves that a linear rela- 


tionship has been obtained between the beam deflection and the exerted effort,and that the loading and unloading 
curves coincide, 


All the dynamometers had their transducers glued inside the rings at 90° to each other, 


If the transducers are fixed on the inside and outside surface of the ring,and placed along the diameter at 
right angles to the operating tension, the sensitivity of electrodynamometers is reduced to 2/3, This phenomenon 
is due to the fact that the maximum deformations of the ring which occur at the point of application of the force 
are not being utilized in this instance, 


The operation of the torque meter was checked on conveyor type RTU~-30, 


CONCLUSION 
By means of this torque meter,with its “powerful"ring electrical dynamometer, it is possible to measure the 
torque of driving shafts of underground belt conveyors,and on any machine which has chain and sprocket couplings, 
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MEASUREMENTS OF MASS 


A REMOTE CONTROL SYSTEM IN WEIGHING 


S. S. Mikhailovskii 


The Scientific Research and Design Institute of Test Machines, Instruments, and Equipment for Measuring 
Mass (NIKIMP) has developed a working model of a dial indicator with a transducer and remote recording instru- 
ment, consisting of a Soviet-made computer SDM~107. 


‘This dial indicator is designed for scales with an output effort of 20 or 50 kg at the end of the platform~-sup- 
porting levers, i,e., for mobile uneven-arm monorail or truck-weighing scales, With a larger dial diameter the 
indicator can be used with car weighbridges as well, 


Maximum load 
° 
V6 
3 | 3c 5 
v 2 Ssit = 
Se by using loose weight qa 
kg 
100 200: 390; 400; 500 5 | 01 595, 
1000 2000; 3000; 4000: 5000 50 | 1.0 1 
10000 20000; 30000: 40000; 50000 | 500 | 10 20.1 f | 
200 10 0.2 
500 | 0.5 | 326 


Fig. 1 


The remote recording of the dial indicator readings on a computer was developed on the basis of automatic 
telephone step-by-=step selectors, 


The design covers the limiting loads shown in the table above, 


The system consists of three units (Fig, 1), namely, the intermediate mechanism with loose weights enclosed 
in cabinet 1; the dial indicator 2 with the transducer, which can be used without the intermediate mechanism if 
loose weights are not available; the secondary remote recording apparatus 3, based on the use of a commercially 
made computer SDM~107, The dial indicator is connected to the recording apparatus by means of a cable 4 no 
longer than 300 m, 


The schematics of the units are shown in Figs, 2 and 3,in which similar notations have been adopted, 


The intermediate mechanism consists of a cabinet in which a lever system, a mechanism for loading the 
four weights,and a damper are mounted, 


The lever mechanism consists of two levers, the receiving 1 and main 3, which are linked by a connecting 
rod 2, A double-scale beam tare mechanism 4 together with a damper is mounted on the left-hand side of lever 3, 
and a tare weight 6, and a suspension 7 with a pan for loading weights,on the righthand side of the lever, 


Disk 11, which is rotated by means of handle 9, engages with chain 12, whose one end carries loose weights 
14 and the other,counterbalance 13, Thus, by turning handle 9 in the required direction, the operator can load or 
unload weights, one at a time, onto or from pan 8. 
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Fig, 3 


The dial indicator consists of a quadrant-type dynamometer, selector,and transmitter; the latter two are 
mounted on the rear wall of the dial indicator. 


The dynamometer consists of two quadrants 19 interconnected by means of strips 20 with a toothed rack 21, 
which engages with gear 22 and rotates pointer 24 of the visual indicator and a set of five disks 25, mounted on the 
same axle 23 as the pointer. 


One of the disks serves to fix the angle of rotation and to make the set stop in a position corresponding to a 
discrete (least whole) number, and the remaining four disks,to record the digits of the four orders, 


The reading of the dial indicator is conveyed to the transmitter by means of a selector which consists of four 
recording levers 35 and one fixing lever 33, which carry five shoes (tracers) 36, 


Levers 35 carry at their ends four gear quadrants 37 which engage in gear quadrants 38 connected to cremail- 
leres 39, which serve to interrupt electrical contacts 40. 


Lever 35 and cremaillere 39 tend under the action of spring 30 to turn in the direction of the action of the 
springs but are held back by a rocker arm 41, which releases by means of a drive the selector system for measure- 
ments. 


The set of disks 25 transmits,according to the position of pointer 24, the readings to the selector system, 
which sends, by means of cremailleres 39 and contact system 40, pulses to the step-by-step selector of the remote 
instrument, 


* With a maximum load of 500 kg, the highest decimal point is that of the hundreds, with load of 1000 kg, that of 
thousands, etc, 
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The transmitter drive consists of a motor with a reduction gear 42,a single-turn clutch 43,and cam 44, 


The drive is started by pressing button 27 by hand or automatically, which operates electromagnet 28 and 
lifts lever 50, thus releasing clutch 43 and closing the motor starting contact 51. 


After one complete turn,the tooth of lever 50 falls into a rift in the body of the clutch and opens the motor 
starting contact 51,cutting off the current from the motor, 


The axle of clutch 43 also carries a cam system 45 with contacts 46, 47, and 48, 


Contact 46 serves to disconnect the electrical circuit during the reverse movement of cremailleres 39, con- 
tact 47 to send a pulse to relay 49, which operates the pulse mechanism motor, and contact 48 to send a pulse to 
the actuating mechanism at the end of transmission, 


The secondary remote-operated recording apparatus consists of an electrical computer 52 and a distribution 
system located in a pedestal attachment. 


The distribution device includes a power transformer 53, a selenium rectifier 54, a memory system 55, which 
consists of four step-by-step selectors 1ss, 2ss, 3ss, and 4ss, a counting step-by-step selector 56 (5ss) and a pulse 


mechanism 57, comprising motor M with a reduction gear, a system of contacts 58, relay 49,and a quenching 
relay 59. 


When the transmitter, located in the dial indicator, completes one full cycle, the secondary instrument re- 
ceives from it a figure which corresponds to the value of the weighing in the form of electrical pulses, which set 
the memory step-by-step selectors into a position corresponding to that figure. In the middle of the operating cycle 
of the transmitter, contact 47 closes and connects relay 49, This relay brings into operation pulse mechanism 57, 
which sends current pulses to the electromagnet of the step-by-step counting selector, The counting selector 56 
(5ss) transmits in a certain order the digital figure to the computer and on completion of the operation connects 
key "+" and switches off the circuit, i.e., brings all the selectors and relays into their initial position. 


When the electromagnet of key "+" is operated, the computer records the current number on the summing 
counter and prints the value of the weighing on a paper tape. In order to obtain the value of the total weighings, 
‘the key marked “total® or “intermediate total” should be pressed. When the key “total” is pressed, the summing 
counter is switched off, so that a full total can only be obtained on completion of the operation, When the inter- 
mediate total is printed, the summing counter is not switched off, 


The model provides, if required, the facility of connecting several recording apparatuses to one dial indicator. 


A NEW PRINCIPLE OF HYDROSTATIC WEIGHING OF LIQUIDS 


V.G. Tseitlin 


In a further development of the float instruments for measuring liquids described in [1], we suggest a new 
principle of hydrostatic weighing of various amounts of liquid independently of their specific gravity, and dis- 
tinguished from the method previously described by using the force exerted on the float as a measure of its weight, 


When the liquid is poured into container 1, the special float 2 is always returned to the same “zero” posi- 
tion with respect to the container by means of a force which is linearly related to the weight of the liquid, 


This relation has the form [1] 


G 


where G is weight of the liquid in the container; q,, is the force 
exerted on the float to hold it in the “zero” position; S,, and S, 
are,respectively, the cross-sectional areas of the float and the con- 
tainer; k = (S,/ Sp — 1) is the geometric constant of the instrument, - 


The required force on the float can be established by vari- 
ous means, The best among them seem to be the following: a) the 
use of a spring mechanism of a type employed in spring scales; 

b) the simultaneous use of weights loaded onto the float and a spring. 


Zero mark 


The first method is simpler and more convenient; moreover, 
it provides the possibility of an automatic pouring~in of a given 
amount of liquid by means of a mechanism which traces the posi- 
tion of the float; the second method is more accurate, The first 
method should be used in measuring~out instruments, the second, 
in standard instruments for checking the first type. The setting of 
—_ an instrument of the first type for a given measure is made by 

means of spring head 3, calibrated in units of weight with the aid 
of the cited equation, 


CONCLUSIONS 


The above principle can be used both in the construction of weighing-out devices, which measure out given 
_ quantities of liquids in units of weight, and in instruments for checking the former, 


Theoretical considerations and tests have shown that the maximum error of measurement for a minimum 
measured-out quantity of 1 kg and a range of measurement (the ratio of the minimum to the maximum measured- 
out quantity) not exceeding 10 can be evaluated by a figure not exceeding 0.2%,which completely satisfies the re- 
quirements for instruments of this category. 
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THERMOTECHNICAL MEASUREMENTS 


A STANDARD INFRARED SPECTROPYROMETER 


V. E. Finkel'shtein and N. G, Starunoyv 


In several countries, including the USSR, considerable progress has been made in the development and utili-~ 
zation in industry of operating infrared pyrometers, The use of infrared pyrometers makes it possible to measure 
much lower temperatures than could be done with ordinary optical pyrometers. Infrared pyrometers may also be 
used for high-temperature measurements, especially when the measurements must be carried out in a strongly 


turbid atmosphere, This use is explained by the fact that particles suspended in the atmosphere, such as smoke, 
fog, etc., absorb much less infrared than visible radiation, 


Monochromatic infrared pyrometers are much 
more sensitive and accurate than total radiation 
pyrometers, 


It would be impossible to introduce operating 
infrared pyrometers on a wide scale without the de- 
velopment of control tests and the development of 
standard infrared pyrometers for checking the oper- 
ating pyrometers and the standard radiators, 


The IKP-57 infrared spectropyrometer (Fig. 1) 
was developed at the Khar*kov Institute of Measure- 
Fig. 1 ments and Measuring Insuments (KhGIMIP) for use 
as a standard instrument; it may be used also for ac- 
curate temperature measurements in the laboratory, 


The IKP-57 spectropyrometer is housed in two blocks connected by a flexible cable, The optical system is 
contained in Block l,and the electronic section in Block 2, 


The schematic diagram of the optical arrangement of the pyrometer is shown in Fig. 2. By means of the 
objective lens 2 and the inclined mirror 3,a real image of the sighted object 1 is obtained in the plane AB passing 


through point 4, An image of the central part of the ribbon of the comparison lamp 5 is obtained at the same place 
by means of objective lens 6, 


A small mirror (1.5 x 1.5 mm), glued to a coil located in the field of a permanent magnet, is placed at 
point 4. The inclination of the mirror may be changed by changing the current in the coil, Depending on the in- 
clination of this mirror, beam I (radiation from the object 1) and beam II (radiation from the comparison lamp 5) 
will pass alternately through the entrance aperture 7 to the diaphragm 8, located beyond the entrance aperture, 
Since a change in the inclination of the small modulating mirror causes a change in its projection at the entrance 


aperture, that is, a change in the height of the illuminated section of the aperture, a diaphragm limiting the height 
of the working section is installed in front of the entrance aperture 7, 


Behind the diaphragm 8 is found the collimator of the infrared monochromator (the parabolic mirror 9), 
The monochromator is assembled as an autocollimating device and is similar to the monochromator of the IKS-11 
standard infrared spectroscope. Separation of the radiation into a spectrum is accomplished by means of the prism 
10, which is manufactured from Fe1 glass. As the plane miirfor 11 is turned, successive sections of the spectrum 


strike the entrance aperture 12, This makes it possible to direct the radiation of the desired spectral composition 
on to the radiation receiver 13 (a photoconductive cell), 


\, 


The use of a prismatic monochromator makes 
it possible to take measurements at any effective wave- 
length, This is absolutely necessary for a standard 
pyrometer, since there are as yet no definitely estab- 
lished values of effective wavelength for operating 
infrared pyrometers, Different pyrometers have dif- 
ferent values of effective wavelength. Moreover, the 
ability to take measurements at various effective 
wavelengths makes it possible to use the IKP-57 spectro- 
pyrometer not only as a brightness infrared pyrometer, 
but also as a chromatic infrared pyrometer. 


The pyrometer is pointed at the object via 
an auxiliary system consisting of the silvered reflecting 
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oscillator Resistance in a hydrogen 
atmosphere 
Fig. 3 


prism (mirror) 14 and the microscope 15, As the observer looks through the microscope, he sees the image of the 
object 1 reflected in the mirror 14 and superimposed on the modulating mirror 4, This makes it possible for a 
sharp image of the object 1, the temperature of which is being measured, to appear coincident with the mirror 4. 
Definition is obtained by adjusting the objective lens 2, This method of sighting requires that the image formed 
by the infrared rays coincide exactly with the visible radiation that is being observed through the microscope, 
Therefore, the objective lens 2 must correct chromatic aberration over a wide range of wavelengths — from 0.5 to 
2.5 uw. Suitable objective lenses were designed by the S, I. Vavilov State Optical Institute, They consist of four 
lenses, the outer lenses being made of fluorite and the inner, of glass, 


If the monochromatic brightnesses of the object 1 and of the comparison lamp 5 are equal, the intensity of 
the light beam passing through the diaphragm 8 and striking the photoconductive cell will remain constant for 
any inclination of the mirror 4. If such is not the case, the alternating light beam will strike the photoconductive 
cell, 


The photoconductive cell is connected in series with the ohmic load resistance (500 kohm), The alternating 
signal received from the load resistance is amplified by the narrow-band amplifier and is then supplied to the co- 
incidence bridge. The output voltage of the coincidence bridge is fed through a low-pass filter in order to im- 
prove the signal-to-noise ratio and then arrives at the null instrument, The coincidence bridge is supplied from the 
same low-frequency oscillator that controlls the oscillations of the coil, Therefore, the null instrument will react 
only on signals which coincide with the modulation frequency of the light beam in both frequency and phase, 


36 


P 
4 


The band-pass width of the entire system is 
determined by the low-pass filter following the co- 
incidence bridge, The bandwidth may be changed 
from one to several hundred cycles per second; 


exon" 


ee 2.250 | 1.092 | 1.260 | 1.014 with an increase in bandwidth, the amplitude of 
the random oscillations of the needle of the null 

instrument, caused by the hum of the photoconduc- 

960 04 |o4 | 04 | 1.2 tive cell, will decrease proportionately, However, 


at the same time, the time constant of the entire 
device increases, and this makes temperature meas- 
urement more difficult, Therefore, a band-pass 
width must be established during measurements for which the hum amplitude will be fairly low and the time con- 
stant of the device will not be excessively great. 


The oscillator employed for modulating the light beam and for supplying the coincidence bridge* is assembled 


on a 6Zh8 tube, The oscillator output power is increased by the addition of a single-stage amplifier assembled on 
a 6P6 tube. 


The principal circuit diagram of the electronic section is shown in Fig, 3. 


The fundamental working frequency of the oscillator is 740 cps, This frequency is sufficiently low not to 
affect the inertia of the lead-sulfide photoconductive cell and at the same time sufficiently high to minimize the 
effect of noises, the amplitude of which (for the photoconductive cell) varies inversely with the frequency [1]. 
The oscillator may be operated at a second frequency of 100 cps, This frequency will be used exclusively for 


calibrating the monochromator using the spectral lines of the radiation from gas-discharge light sources supplied 
by a current of commercial frequency. 


Generation of the 100-cps frequency takes place without the use of feedback, In this operation a 6Zh8 tube 
operates as an amplifier tube; the grid is supplied with an alternating voltage (100 cps) taken from the center point 
of a circuit consisting of a photoconductive cell, irradiated by a small electric lamp supplied with alternating cur- 
rent, and a load resistance, An arrangement of this type provides automatically for synchronizing the coincidence 


bridge and the gas-discharge tube, since the brightness of the above-mentioned lamp will vary with the brightness 
of the gas-discharge source of radiation. 


The pyrometer was calibrated at four values of effective wavelength: 1,014, 1.250, 1,692, and 2,250 yw, atthe 
melting points of the pure metals — zinc, aluminum, silver — by observing a graphite strip having a hole 1.5 mm 
in diameter immersed in a bath filled with the proper metal. During calibration the half-width of the spectral 
interval was about 0.1 yw. The error in determining the effective wavelength was + 0.0025 yp. 


The mean-square errors in temperature measurements made with the IKP-57 spectropyrometer and a type 


FS-A 1 lead-sulfide photoconductive cell (bandwidth 0,25 cps; time constant 4 seconds) as receiver are given in 
the table. 


From the table it may be seen that the error increases with decreasing wavelength, especially in low-tem- 
perature ranges, If the lead-sulfide photoconductive cell is replaced by a receiver that is more sensitive to short- 
wave radiation, the error will be less when working at short effective wavelengths and greater at longer wavelengths, 
For this reason, the spectropyrometer was designed for a rapid change of receivers, thus minimizing the error in 
each individual measurement.**In temperature measurements below 1000°G a lead-sulfide photoconductive cell 
sensitive to relatively long wavelengths is recommended, In the measurement of temperatures above 1000°C, it 


is advisable to use some other type Of receiver (for example, a photodiode), one having a sensitivity of 0.6-1.5 y 
higher. 


It should be noted that the values given in the table are the actual errors in the measurement of brightness 
temperature (or of true temperature, in the case of a blackbody); they are not values of the threshold sensitivity of 
the instrument, which are frequently given instead of its accuracy, 


*" Coincidence bridge” is here synonymous with “synchronous detector" [Publisher's note]. 
** A change of receiver causes a change only in spectropyrometer sensitivity; it will not affect the calibration 
since the radiation receiver serves only as a null indicator. 


The magnitude of the error is determined largely by the hum of the photoconductive cell, and it may be de- 
creased by employing a cell of higher quality (in the IKP-57 pyrometer,ordinary photoconductive cells suitable for 
automation purposes are used). The error of the spectropyrometer may be minimized also by cooling the photo~ 
conductive cell, 


Extension of the spectrometer scale to high-temperature ranges,where it is impossible to introduce direct 
blackbody comparison, may be made by extrapolation using Planck's equation, that is, by the method used for 
extending the scales of the common optical instruments using the international temperature scale, This may be 
done because almost monochromatic radiation having accurately known values of effective wavelength is used. 
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A LABORATORY OBJECTIVE SPECTROPYROMETER 


L. A. Boyarskii and V. A. Kovalevskii 


The SPK-1 and SPK-2 spectropyrometers, developed at KhGIMIP, were introduced in practical work on stand- 
ards in metrological institutes, and they contributed to a considerable improvement of measurement accuracy in 
work on standards in the optical pyrometry field, In connection with this, it also became necessary to improve the 
accuracy in approval work which is performed by state control laboratories for measurement technique, and, mainly, 
to improve the accuracy in checking standard temperature lamps. 


Moreover, in connection with the ever-increasing application 
of color pyrometers, it became necessary to check temperature 
lamps which are graduated for color temperatures, These new tasks 
can be performed by means of SPK devices, which, however, are 
not convenient for use in state control laboratories, since they are 
expensive and bulky. 


The SPP-58 spectropyrometer, which has been designed for 
high-accuracy control work, is inexpensive, compact, and it per- 
mits the measurement of monochromatic brightness of various ob- 
jects in the wavelength interval from 0.4 to 0.8 uy. The measure- 
ments are performed by comparing the brightness of the object 
with the brightness of a standard lamp, which is built into the 
device, 


The operation principle of the spectropyrometer is similar 
to the operation principle of SPK devices; it has been described in 
detail in [2 and 3}, Briefly, it consists in the following; The radi- 
ation of the object under investigation and of the comparison tem- 
perature lamp is alternately directed to a photomultiplier through a monochromator by means of a modulator. If 
the brightnesses of the object and of the lamp are not equal, the photomultiplier current contains a variable com- 
ponent with the modulation frequency. After amplification and rectification by means of a synchronous detector, 
this component is supplied to an indicating instrument with a scale where the zero point is in the middle, The 
deviation of the instrument needle indicates the inequality of brightnesses, while the deviation sign depends on the 
brightness ratio of the sources, If the brightnesses are equal, the variable component is absent, and the instrument 
needle remains at the scale zero, 


The equalization of brightnesses is effected by changing the heating current of the comparison temperature 
lamp. After measuring this current by means of a potentiometer, the brightness temperature of the object, which 
corresponds to that value of the effective wavelength for which the monochromator is adjusted, is found from the 
calibration curve. 
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“The zero modulation method of comparing brightnesses [3], 


which has been applied in this spectropyrometer, makes it possible 
9 4 to eliminate errors connected with instability of the photocathode 
ei sensitivity, and also reduce to a great extent the photocurrent fluctu- 
ation effect, 
| The interaction of the basic spectrometer parts can be analyzed 
| by considering the optical system given in Fig, 1. An achromatic ob- 
“ 6 gh jective 3, which is located in front of an absorber 2, forms a diminished 
image of the object 1 to be measured in the mirror plane 8 of the 
7 modulator, By means of objective 5, the magnified image of the fil- 
ament in the comparison temperature lamp 4 is obtained in the same 
Fig. 2. Block diagram of the elec- plane. The image width is adjusted to be equal to,or somewhat larger 
tronic device, 1) Photomultiplier than,the modulator mirror width (1 mm). 


FfU-27; 2) anode follower (6S1P); 
3) narrow-band amplifier (6Zh2P); 
4) phase inverter (6N3P); 5) syn- 
chronous detector; 6) low-frequency 
filter and direct-current amplifier 
(6N3P); 7) microammeter; 8) mod- 
ulator generator (6Zh5P and 6P1P); 
9) modulator; 10) high-voltage 
source (6P1P and 1Ts11P). The modulator mirror 8, which is similar to the mirror of a 
magnetoelectric loop, is fixed on two small wires, which are extended 
into the field of a permanent magnet. When the modulator operates, 
the mirror oscillates, and the collimator objective 10 is alternately illuminated by the sources to be compared, 
The light flux which leaves the monochromator falls on photomultiplier 12, The alternating voltage, which arises 
at the photomultiplier anode, is amplified by a narrow-band amplifier and is then rectified by a synchronous de- 
tector, The latter is monitored by the same generator which controls the instrument modulator. The rectified 
signal then passes through a low-frequency filter and is supplied to a symmetrical direct-current amplifier, the out- 
put of which is connected to the measuring instrument. 


Before reaching the modulator mirror, the light from the com- 
parison temperature lamp is reflected from a dividing mirror 6, which 
has a sharp edge, The lens 7 forms the image of the dividing mirror 
edge in the plane of the collimator objective 10 of the monochromator, 
The mirror 6 is placed in such a manner that each of the two sources 
to be compared illuminates one-half of the collimator objective when 
the modulator mirror is immobile, 


Regardless of the similarity of operation principles of the SPP-58 spectropyrometer and of SPK devices, these 
instruments are basically different. The SPP-58 spectropyrometer is constructed as a portable table instrument, 
while the SPK devices are stationary and are of a rather large size, Moreover, the SPP~58 spectropyrometer has a 
built-in comparison temperature lamp and can be, consequently, used for measuring the temperature of different 
objects, The SPK devices are highly accurate spectropyrometric comparators, whereby the brightnesses of only 
two objects can be compared, 


The SPP-58 spectropyrometer consists of two units, A UM-~2 universal monochromator and a standard optical 
bench are mounted on the first unit stand, A mechanism for fastening and moving the temperature lamp to be 
checked, which provides three wanslatory and three rotational freedoms of movement, is mounted on the bench, 
The external optical system unit with the temperature comparison lamp is fixed on the monochromator collimator 
tube. A photocell is fixed on the monochromator chamber tube, The electronic device with a control panel is 
built into the second unit. 


The modulator which is used in the spectropyrometer [2 and 4] can operate at any frequency from 0 to 1000 
cps; it is reliable and does not require any tuning and adjusting after the instrument is switched on, The modulator 
mirror makes it possible to obtain very clear temperature lamp images, and it does not restrict the field of view of 
microscope 9, which serves for sighting. 


The specially constructed miniature temperature comparison lamp is located in the lower part of the external 
optical system unit. The temperature lamp consists of a vacuum lamp with a tungsten filament with a cross sec- 
tion of 0.8 x 0,03 mm?%; it uses a current of 2 to4 amp (for temperatures of 800 to 1500°C), which makes it pos- 
sible to feed the lamp from small-capacity storage batteries (60-100 amp-hr), 


The entrance slit of the monochromator which is used in the spectropyrometer is removed, and its function is 
performed by the modulator mirror 8, and, therefore, the entrance slit has a constant width, The exit slit 11 has 


a variable width, which can be changed from 0 


rc to4 mm, and so provides the possibility of separ- 
a Ee ke worki length be changed by turni 
0.65 0.1 | 0.09 | 0.08 | 0.06 | 0.05 | 0.0 
0.55 0.1 | 0.09 | 0.08 | 0.06 | 0.05 | 0.06 a dispersion prism 13, 


An F£U-27 photomultiplier with an end- 
type semitransparent bismuth —silver — cesium 
cathode is used as the radiation receiver, Photomultipliers of this type have a high sensitivity in a wide range of 
wavelengths — from 0.3 to 0.8 w, due to which only one photomultiplier can be used in work in different portions 
of the spectrum, The photocathode is illuminated by a divergent beam, forming a spot on the photomultiplier, 
which has a diameter of approximately 15 mm, 


The block diagram of the electronic device is shown in Fig. 2, The high voltage (300 to 1200 v) from 
a special high-frequency rectifier is supplied to a divider, which is mounted in the photocell, 


The first amplifier stage, which is mounted inside the photocell, consists of an anode follower, which serves 
for repeating without amplification the signal appearing in the high-resistance circuit of the photomultiplier anode, 
and for the subsequent transmission of the signal to the amplifying stages, By using an anode follower, the photo- 
cell output resistance is reduced to a considerable extent, which is important for reducing induction in the wire 
connecting the photocell with the electronic device unit. Moreover, the anode follower compensates the voltage 
drop at the photomultiplier resistance load, which maintains a high sensitivity for large photocurrents, The 6S1P 
lamp, which is used in this stage, operates at lower feed voltages and secures a small grid current, The steady 
voltage from the anode follower can be supplied to the device which serves for regulating the constant photocur- 
rent component. 


The alternating voltage, which arises at the 6S1P anode, is fed to the grid of the 6Zh2P tube of the narrow- 
band amplifier through a dividing capacitor, The narrow-band amplifier consists of a single amplification stage, 
which is encompassed by negative feedback through a double T-section filter, The resonance frequency is equal 
to 700 cps, and the transmission band at the 0.5 level consists of 80 cps. 


From the narrow-band amplifier, the signal is supplied to the grid of the first triode of the 6N3P tube, This 
stage serves as the phase inverter,which compensates the phase shift occurring in the preceding stages, and it pro- 
vides the possibility of selecting the signal phase which coincides with the synchronization voltage phase, The 
signal is then fed to the grid of the second triode of the 6N3P tube, Here, the signal is further amplified and fed 
to the input of the synchronous detector. The over-all amplification factor is equal to 200, 


The synchronous detector is based on a ring circuit. From the synchronous detector, the rectified signal is 
fed to a symmetrical low-frequency filter and then to the grids of the direct-current amplifier — the 6N3P tube, 


The modulator oscillator consists of a single-tube (6Zh5P) master RC-oscillator with self-excitation and a 
power amplifier based on a 6P1P tube, The oscillator frequency is regulated by means of a variable resistor in 
one of the sections of the RC circuit and is set to 700 cps, 


An M-24 micrcammeter with a 50-0-50 pamp scale is used as the output device; by means of a switch, the 
microammeter can be connected to three measuring circuits: the brightness equality indicator, the voltage in- 
dicator at the high-frequency rectifier output, and the steady photocurrent component indicator, In the first case, 
the device is connected between the anodes of the output tube 6N3P. 


One of the most important characteristics of the spectropyrometer is its response threshold, which is defined 
as the smallest detectable change in the brightness teriperature, This quantity can be determined as the root~ 
mean-square deviation of individual measurements, Its experimental determination was performed in the follow- 
ing manner; A temperature lamp whose current was kept constant all the time was used as the measurement ob- 
ject. The current in the comparison temperature lamp was adjusted until photometric equilibrium was attained, 
after which it was measured. Afterwards, the magnitude of this current was arbitrarily changed, then regulated 
again, and measured many times in a row, The root-mean-square deviation of the thus obtained measurement 
results, expressed in degrees, served as the response threshold characteristic for certain given temperatures and 
wavelengths, The table gives the values of the indicated quantity for different temperatures and wavelengths, 
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For the sake of comparison, we shall mention that the similar char- 
acteristic of a standard visual pyrometer has a magnitude of not less than 
0.6° and for SPK devices, this characteristic is 0,02 + 0.08°(for \ = 0.65 p 
and a temperature interval of 800 to 1500°C). 


Thus the sensitivity of a photoelectric spectropyrometer is much 
higherthan the sensitivity of a visual device, although it is inferior to 
the sensitivity of SPK devices, 


The accuracy in determining the effective wavelength is also an 
important characteristic of the spectropyrometer, The spectropyrometer 
monochromator, which has a linear dispersion of 21 mp /mm for )= 
25} - 5 -+—_—}+—-| 7 = 0.65 p and 8 mp / mm for A= 0.49 p, permits the determination of the 

4 effective wavelength with an error not exceeding +1 mu, 


600 1200 tv The optical system objective, which has a focal distance of 150 mm 
Fig. 3 and an aperture ratio of 1:6, makes it possible to obtain a sharp image 
of the object when its distance is from 300 mm to optical infinity, The 
measurement object dimensions must not be less than 1 x 1 mm?, 


The lower limit of the temperature to be measured is equal to approximately 900°C, Also measurements 
at lower temperatures are possible, although they are less accurate, As for optical pyrometers, the upper measure- 
ment limit is determined by the pyrometric attenuation of the absorbers which are fitted on the instrument objec- 
tive. The pyrometric attenuation can be determined by one of the well-known methods [5};, this task is simpler 
in comparison with that in the case of an optical pyrometer, which is due to the narrow spectral interval of the 
spectropyrometer, 


The basic instrument operating range for which the comparison temperature lamp is graduated, comprises 
a temperature range of 900 to 1400°C, Figure 3 shows the calibration graph of the spectropyrometer for the 0.65 p 
effective wavelength, 


The instrument is graduated in brightness temperature degrees. By means of simple calculations, the gradu- 
ation can be converted into energy units. 
CONCLUSION 


The SPP-58 objective spectropyrometer can be used mainly in state inspection laboratories for measurement 
techniques for checking standard temperature lamps which are calibrated in brightness temperatures, 


By means of this spectropyrometer, temperature lamps which are calibrated in color temperatures can be 
checked by measuring monochromatic brightness temperatures corresponding to two different wavelengths, 


Moreover, this spectropyrometer can be successfully used for accurate measurement of brightness and color 
temperatures and also for measuring monochromatic brightness, illumination, luminous intensity, and other light 
quantities. 
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DESIGNING A PRACTICAL TEMPERATURE SCALE FOR THE 
10-90° K INTERVAL 


A. S. Borovik-Romanov, M, P. Orlova,and P. G. Strelkov 


Deviations of the International Temperature Scale from the VNIIFTRI Group Stand- 
ard Scale and from the Thermodynamic Scale near the Oxygen Boiling Point 


The temperaturescale for the 10-95° K region, which is based on the graduation of platinum resistance ther- 
mometers with respect to a gas thermometer [1 and 2] and which has been developed at VNIIFTRI, coincides with 
the International Scale (ITS) at the oxygen boiling point (—182.97°C), since this point, with the temperature as- 
signed to it according to the ITS (for Ty = 273,16°K), was chosen as the initial point in extending the practical 
scale below it. However, as was shown by our measurements, even in the 90-95° K region, the ITS deviates to a 
considerable extent from the scale of the group temperature standard, Figure 1 shows the ITS deviation from the 

scale of the IONKh-6 platinum group standard (continuous curve) 
at and the deviations (in temperature equivalents) of experimental 
values for W(W =R7/ Rg), measured for a number of temperatures 
a T, which were determined directly with respect to a gas thermom- 
eter, from the ITS values of W, which were calculated for the 
same temperatures. 


+Q01 


0 The discrepancies between the group temperature standard 
te ?_ | scale and the ITS at 95° K attain 0,01°, i.e., they exceed the pos- 
~~) sible experimental errors in direct measurements as well as pos- 
sible deviations of our graduation from the thermodynamic scale, 


85 90 TK Thus, it was established beyond any doubt that the suitability 
Fig. 1. Curve indicating discrepancies of the ITS interpolation formula near 90°K is limited. 
between the International Temperature 
Scale and the thermodynamic scale, 
which was determined from graduation 
tables for a group standard near the ox- 


ygen boiling point (AT =T)+>—Tther)- 


-001 


The ITS and the thermodynamic scale were compared be- 
fore, but the work was not done thoroughly and apparently with in- 
sufficient accuracy, In these investigations, the discrepancy between 
these scales was studied in the region of higher temperatures; the 
investigation was not carried out in the vicinity of the oxygen 


T° K, reduced 
Remark 

Author to Ty = 278,16" Year Source mar 
Henning 20.43 1927 [9] 
Keesom, Bijl, and van den Horst 20,38 1931 10} To = 273.16° K 
Heuse and Otto 20.38 1931 [11] 
Hoge and Brickwedde 20.39 1939 (5) To, = 90.19° K 
Borovik-Romanov and Strelkov 20.38 1952 [8] To, = 90.19° K 
Moessen and Aston* 20.373 1954 [12] To, = 90.19° K 
Orlova and 20.39 1954 T 90.19°K 
* Converted from To, = 90.154° K, 


boiling point, Heuse and Otto [3] found that, in the interval from 0 to —130° C, ( Ts” ‘ther) is everywhere neg~ 
ative and has a minimum at ~—80°C, Keesom and Dammers [4] investigated this discrepancy as far as—150°C, 
and they found that, in the vicinity of —115°C, this difference changes its sign and attains ~+0,02°at —150°C, 
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Wr Thus, on the basis of these papers, it is impossible to arrive at a well- 


WA defined conclusion either with regard to the sign or to the magnitude of the 
as y ITS deviation from the thermodynamic scale even at higher temperatures. 
4 No experimental data are available for the region below —150°C (123°K). 
ff The deviation of the ITS from the thermodynamic scale, which we 
450 discovered, arises due to the fact that the W(T) curve has an inflection 
/ point and changes the sign of its curvature at 87-89°K (Fig. 2). It can be 
oi / hardly expected that the interpolation formula of the type used for the ITS 
could describe the W(T) function with sufficient accuracy in the inflection 
point region. The above becomes obvious by considering the curves of 
A dw/ dT derivatives (Fig. 3). We see that the derivatives, which are cal- 
. ” a 6s culated for the IONKh-2 platinum group standard, according to ITS formulas, 
Fig. 2. Dependence of the rel- differ by 0.2% at 90°K from the derivatives taken from our graduation tables, 
ative resistance of platinum on This discrepancy rises sharply with a decrease in temperature, 


temperature (the dotted line 
shows the tangent drawn at the 
inflection point). 


Thus, although at 90.19°K the value for WT on the VNIIFTRI scale 
coincides with the value for Wy on the ITS, the dW/dT derivatives 
at this point differ by 0.2%. We did not consider it advisable tounder- 
take the fitting of scale butts with respect to the magnitude of derivatives, as was done by Hoge and Brick- 
wedde [5], since this would lead to a bend in the derivative curve (see the dotted curve in Fig. 3). There is 
reason to believe that, for the 90-273°K region, a better practical scale can be designed, which would 
agree better with the thermodynamic scale and also the VNIIFTRI scale. It would be perhaps advisable 
to dispense with further use of power interpolation formulas and to design a scale, for instance, according 
to the principle proposed in [6]. 


Boiling Temperature of Hydrogen of “Natural Composition” 


The VNIIFTRI group standard thermometers [1 and 7] were standardized for the boiling temperature of hydro- 
gen of “natural composition®. This made it possible to determine the boiling temperature of hydrogen, for which 
five parallel determinations of Wy for the standard and of T with respect to a gas thermometer were performed in 
a cryostat for this temperature region, As a result, we obtained the following value for the boiling temperature of 
hydrogeh of “natural composition” (25% of vaporous hydrogen): Tp—}, = 20.393 + 0.006°K (with a 0.9 probability).* 


The indicated error represents the over-all error and includes errors in temperature determination with res- 
pect to a gas thermometer as well as standardization errors, This value should be compared with the value which 
we obtained during 1950-1951 in determining the boiling point of hydrogen of “natural composition" by directly 
comparing the readings of a gas thermometer with the pressure of saturated vapors [8]. At that time, we obtained 
Tn= Hg = 20.38 + 0.007°K (with probability of 0.9). 


We are inclined to accept the 1954 values for the following reasons: 


1, In the measurements performed in 1951, the pressure gauge was not thermostatically controlled: it was 


necessary to introduce large corrections in order to take into account the temperature drop along the pressure gauge 
tubes, 


2. By 1954 the gas thermometer design was considerably improved, 
3. In 1954 the gas thermometer constant was determined much more carefully. 


According to the T(W) table for the group standard, the normal boiling temperature of hydrogen of “natural 
composition” is T, — #4, = 20.39;°K. The discrepancy between table values and direct measurement data is 0,002°, 
which is within limits of measurement errors. In the practical scale, which we adopted, it is considered that the 
normal boiling temperature of hydrogen of “natural composition" is T = 20.39 + 0.003. This value can differ from 
the thermodynamic hydrogen boiling temperature by 


20 39 To, 
. 90.19 =] +0.006 K. 


* The boiling point of oxygen was assumed to be equal to 90.19°K. 
** The correction for new data on the expansion of copper is not given; itis equal to ~0.001°, 


0350 
| 
<4 
4250! 
% 80 35 90 


Fig. 3. dW/dT vs, temperature curves. 

For the VNIIFTRI group standard 

table; 

—--—- according to ITSformulas for group 
standard thermometers; 

-------for the NBS scale (L, thermometer). 


The table gives a summary of normal boiling temper- 
atures of natural composition hydrogen, determined after the 
phenomenon of the conversion ortho-vapor became known, 
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CERTAIN PROBLEMS IN MEASURING THE TEMPERATURE 


OF ROTATING OBJECTS 


I. I. D'yakonov 


The methods of measuring the temperature of rotating objects have not been sufficiently developed,and they 
have been insufficiently treated in literature, This is mainly due to difficulties in developing nondistorting slip- 
ring devices, which secure the electrical connection between rotating sensitive elements and the measuring equip- 


ment, 


One of the variants of nondistorting slip rings which are used in circuits of rotating electrical thermoconver- 
ters is described in [1]. The same paper gives a short survey of various practical measurement methods designed 
for laboratory use or for stationary (for instance, electrical) machines, Measurements in other machines, for in- 
stance, in high-speed gas turbines of different types, where it is sometimes necessary to determine by experiment 
the temperature of vanes and rotor disks, have a number of specific characteristics which render the problem even 


more difficult. 


* See English translation. 


A variant of the method of measuring the temperature of rotating objects, 
which we have developed in investigating the thermal state of structural elements 
of gas turbines under actual operating conditions, is described below. K, K, Kos» 
terev, V. V. Dolinskii, and N. G, Bodrov collaborated in developing this method, 


Basic Measurement Characteristics. In measuring the temperatures of 
rotor vanes in high-speed gas turbines, the sensitive elements must operate under 
conditions of high rotational linear velocities, where the gas in vane channels 
moves at high velocities and is at high temperatures, 


In investigating the thermal state of a turbine vane, the temperature field 
is usually studied along its length as well as over the vane cross section. In this, 
the sensitive elements must not distort either the temperature field in the vane 
or its profile and the conditions of gas flow around the vane, 


Nonstationary turbines operate in a wide range of quickly changing oper- 
ating conditions, In investigating such turbines, the measurement method must 
secure a reliable oscillographic recording of thermal processes when the machine 
operates under all conditions without using compensation devices, The record- 
ing of thermal processes must be automatic and continuous,and it must not re- 
quire any additional operations on the experimenter's part besides switching on 
and switching off the oscillographic equipment, The requirement for a reliable 
operation of all measuring devices and especially, slip ring devices and sen- 
sitive elements, is of paramount importance in such measurements, Considering 


2). 


Angular Temperature of slip ring parts in °C, measured by thermocouples | Cooling air 
velocity, [~~ temperature, 
1/ sec No.1 No, 2 No, 3 No, 4 No. 6 No, 7 °C 

1080 120 118 115 114 145 300 | « 40 

1120 131 129 125 123 188 330 | 44 


that the space available for the mounting of these devices is extremely limited in machines and that their installa- 
tion must be performed without demounting any units or parts necessary for the normal machine operation, the ful- 
fillment of these requirements represents one of the difficult problems. 


The measuring instruments must provide the possibility of the simultaneous recording of thermal processes 
from as great a number of sensitive elements as possible. Since, in a number of cases, the space available for 
mounting the oscillographic equipment is also strictly limited, the measurement method must secure a recording 
of a large number of parameters with a minimum number of standard oscillographs, 


For matching the thermal state of the structural element under investigation with the machine operating 


conditions, the simultaneous recording of the basic parameters characterizing the operation of the machine as a 
whole must be secured, 


Measurement errors must be as small as possible, and they must not exceed 42%, at the most, 


Sensitive Elements. As was shown by analysis, the sensitive element most suitable for these measurement con- 
ditions is a thermocouple with thermoelectrodes of a small diameter (0,2-0.3 mm), For such small dimensions, the 
temperature at various points of the thermocouple junction can be considered as practically constant, 


For a well-insulated and heat-resistant thermocouple, the following method of insulating the thermoelectrodes 
is recommended; the thermoelectrode, which is first coated with a layer of heat-resistant lacquer, is wrapped in 
| asbestos threads, and the insulation is soaked in distilled water; the asbestos layer is rolled by means of a special 
| flat polisher on a flat polished plank and is then impregnated with a mass consisting of kaolin, quartz powder, and 
liquid glass, after which the electrode is again rolled and dried in air; the dried electrode is again coated with a 
thin uniform layer of heat-resistant lacquer and then dried, 
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Fig. 2, Method of “preparing” a slip ring for the in- 
vestigation of its thermal state. 1) and 2) Thermocou- 
ples mounted on brush holder No, 1; 3) thermocouple 
which is mounted on brush holder No, 3; 4) thermo- 
couple which is mounted on brush holder No, 5; 5) im- 
mobile junction of the auxiliary thermocouple; 6) and 
7) thermocouples for measuring the bearing housing and 
the slip ring casing temperatures; 8) cooling air sup-- 
ply tube. 


In the investigation of one gas turbine, 

KhA thermocouples with thermoelectrodes hav- 
ing a diameter of 0.3 mm, which were prepared 
by the indicated method and were fastened to the 
turbine vanes, withstood a temperature of 740°C 
over a period of 15-20 hours. The angular vel- 
ocity at which the measurements were performed 
varied from 0-1200 1/ sec, 


In order to secure the thermocouple junc- 
tion on the vane in a reliable manner, the junc- 
tion was welded to its surface at the required spot, 
and the insulated thermoelectrodes were covered 
by thin (0.15- 0,18 mm) pieces of heat-resistant 
steel, which were electrically spot-welded to the 
vane along the entire perimeter, Instead of fasten- 
ing a thermocouple junction to the part surface, 
the junction can be welded in a small recess, the 
dimensions of which depend on the junction dimen- 
sions, while the groove is gradually brought up to 
the part surface, If the machine operates under 
steady conditions, both methods of fastening the 
junction yield the same results, If the machine 


operates under unsteady conditions (the angular velocity varies), the measurement results differ slightly. 


The Slip Ring Device, In selecting a certain type of this device, the conditions under which it operates in 
the object under investigation is of great and, sometimes, of decisive importance. For instance, the design of 
some turbines does not make it possible to place the slip ring in the cold part of the machine. In these cases, the 
slip ring device must be mounted in the hot part of the machine directly on the back side of the turbine disk, 
where the temperature attains 300°C, Under such conditions, mercury contacts cannot be applied; needle or ball 
contacts cannot always be used, and they, moreover, yield satisfactory results only with a compensation measure~ 


ment circuit [1]. 


The placement of the slip ring in the high-temperature region of the turbine disk creates additional difficul- 
ties in securing its reliable and safe operation, and it necessitates forced cooling of the slip ring. 


A brief description of known slip ring devices is given in [1]. Our experiments confirmed the data from this 
paper indicating that electromechanical slip ring devices with sliding brush contacts yield good results, 


The slip ring* which we used in testing some turbines was placed at the center of turbine disks; this slip ring 
secured a reliable simultaneous transmission of the thermal-emf to the recording equipment from five thermocouples, 


which were fastened to rotating parts of the turbine, 


In designing the slip ring, great attention was paid to the investigation of its operating conditions in the tur- 


bine and also to problems concerning its cooling. 


The slip ring rotor (Fig. 1), which consists of a collar with a shaft on which tensilver rings, which are insulated 
from each other, are mounted, rotates with the same angular velocity as the machine part under investigation. The 
stator, which includes the housing of bearings and the brush holders, is immobile. The thermocouple electrodes 
pass from the rings into the inner hollow portion of the shaft, and they are led out, on one side, to the part under 
investigation, and on the other side, to the cantilever part of the shaft toward the free thermocouple junctions, 

The chosen diameter of contact rings secures a tangential velocity not exceeding 7 m/sec, The pressure on the 
brushes is 5-6 kg/cm?, Eight pins, on which staggered brush holders for each brush are fitted, are fastened in the 
bearing housing, Each ring is served by two brushes with a square 3 x 3 mm cross section, which are made of silver 
(10%), copper (21%) and graphite (9%) powders, The slip ring and its internal passages are cooled by air which 


moves in the direction shown by arrows in Fig. 1. 


* In designing the slip ring for temperature measurements, we used drawings of a slip ring intended for determining 
vibration stresses in turbine vanes by the tensometric method, which were made by A, E, Smirnov. 
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In constructing the slip ring, the latest heat- 


1 resistant and electric insulation materials were used, 
P cncs I l which made it possible to secure a reliable insulation 
of electric circuits, 


ings, which limit its continuous operation on the ob- 
ject under investigation to 5-7 hours, after which the 
slip ring has to be taken off the object for inspect- 
\ 1 ing its parts and cleaning the rings and the air-sup~ 

ply passages. The over-all lifetime of the slip ring 
| oe was 20-25 hours. 


Before installing this slip ring on the object 
under investigation, the reliability of its operation 
thermocouple; 3) ring-shaped enclosure; 4) struc- was casted 

laboratory device which simulated the actual tem- 
tural element under investigation; 5)rings; 6) brushes; 

perature conditions in the object under investigation, 
7) and 8) auxiliary thermocouple; 9) and 10) oscil- Gin of iden 
lograph loops; 11)thermostat; a) cold junction of ag 


the measuring thermocouple; b) measuring junction formed for the same angular velocities at which it 
operated in the machine, The over-all duration of 
of the auxiliary thermocouple. 


experiments was 25-30 hours with five-hour periods 
of continuous operation for different angular velocities, 


j DA) The weakest parts of this slip ring are its bear 
t 


ft, ff 
9 10 


Fig. 3. Schematic diagram of the electrical meas- 
uring circuit of the slip ring. 1)— 2) Measuring 


In order to secure reliable operation of the slip ring, a careful study, for which one of the slip rings was speci- 
ally “prepared” (Fig. 2), was made of the temperature conditions under which it operated in measurements in the 
actual machine. The results obtained in investigating this slip ring are shown in the table (p, 45). 


It is obvious from the table that the difference between the temperature of brush holder No, 1 (thermocouple 
No. 1), which is closest to the heat source — the turbine disk, and the temperature of brush holder No, 5 (thermo- 
couple No, 4), which is farthest from the heat source, is‘equal to only 68°C, 


The slip-ring electric measurement circuit (Fig. 3) provided the possibility of recording the thermal-emf 
simultaneously from several rotating thermocouples by means of an oscillograph when the turbine was operating 
under steady and unsteady conditions, In this, the experimenter did not have to perform any additional operations 
besides switching on and switching off the oscillographic equipment, which was done by means of a toggle switch, 
Due to the fact that the temperatures t,— t's . . . tg — t's of the intermediate paired junctions (Fig. 3) were close 
to each other, the thermal-emf's which arose in them were mutually balanced, This eliminated the necessity of 
taking into account the temperature of the measuring circuit intermediate junctions, 


This circuit has certain characteristics in common with the circuit described in [1], In particular, this 
similarity 1s reflected in the arrangement of the cold junctions of thermocouples on the rotating object,and in 
the extension of thermocouple junctions into a special ring-shaped enclosure, However, the circuit which has 
been proposed in [1] was applied under laboratory conditions where the slip ring was at temperatures from 20 to 
40°C, and it was not designed for the simultaneous temperature measurement at several points of the part under 
investigation, For temperature measurement at several points at different times, it is necessary to introduce a 
switch, by means of which the working thermocouples are alternately connected to the measuring instrument, 


In the slip ring with the measyring circuit shown in Fig, 3, the free ends a of the working thermocouple 
1-2 turn together with the rotor, due to which the temperature of this junction cannot be measured. Therefore, the 
immobile working end b of the auxiliary thermocouple is placed in a special ring-shaped enclosure 3 in the im~ 
mediate vicinity of the 1 rotating free ends of the working thermocouple, Junctions a and b are cooled by air. 
It is natural to assume that, for a sufficiently intensive blowing, when the heat dissipation from the junctions ex- 
ceeds the heat supply, the temperatures of junctions a and b must be close to each other, 


Strictly speaking, the operating temperature conditions for the rotating free ends a differ from the tempera- 
ture conditions for the immobile junction b, The method of taking into account the error resulting from this is 
given below, 
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In order to determine the changes in con- 
tact resistances in brushes at different angular 
velocities, the slip ring was mounted on the disk 


of a laboratory device where five thermocouples 
7 were mounted; the method of connecting the 
“ A: — thermocouples to the slip ring and the calibra- 


tion and the thermoelectrode diameters,were the 
same as in measurements performed in the ac- 
tual machine, The thermocouple resistances 
were measured by means of an MVL=4 labora- 
tory electric bridge. The thermal state of the 
slip ring was controlled with respect to the tem- 
perature of the bearing housing, and it was kept 
Fig. 4. Method of preparing the slip ring for determin- constant for various rotation speeds. 

ing the error AE, 1) Thermocouple which is mounted 
in the band; 2) thermocouple which is mounted in the 
brush; 3) cold junction of thermocouple 1; 4) immobile 
junction of the auxiliary thermocouple; 5) tempera- 
ture gauges TTsT-9; 6) potentiometers; 7) supply of 
cooling air to the slip ring. 


As a result, it was established that, in 
changing the angular velocity from 500 to 1100 
1/ sec, the resistance of thermocouples did not 
change by more than + 0,03 ohm, which is a 
small quantity that can be neglected in evalu- 
ating the temperature measurement errors. The 
obtained results confirmed the available data 
[1] on the insignificant change in the contact resistance of brush slip rings when the angular velocity of rings changes, 


Measuring Equipment, In cases where the space available for mounting the oscillographic and the self-re- 
cording equipment is strictly limited, in order to reduce the number of instruments, it is convenient to apply the 
so-called method of combined registration of the parameters to be measured, Those parameters which are the 
most important for the given experiment are recorded continuously and simultaneously, and the others are re- 
corded periodically by means of a special commutation device, which interrogates the thermoreceivers according 
to a preselected sequence and with a given commutation frequency, For convenience in interpreting the obtained 
data, one can recommend an arrangement of the parameters to be measured where a part of the parameters is re~ 
corded continuously and the other part is recorded periodically on a single photographic film in the oscillograph. 


In investigating the thermal state of different machine parts, it is best to use potentiometers as recording 
devices, since their readings do not depend on changes in the resistance of thermocouples and of lead conductors, 
In this, it is sometimes necessary to have small-size multipoint potentiometers with automatic current regulation 
at the moment of reading, and, if a machine operates under unsteady conditions, quick-operation potentiometers 
must be used, If such potentiometers are not available, we can recommend standard oscillographs, where the 
method of combined parameter recording should be used. 


Measurement Errors, a) The errors due to changes in the resistance of thermoelectrodes and thermocouple 
connecting leads when their temperature changes is determined by calculation, The thermocouple is convention- 
ally divided into sections with a certain average temperature for each section, while the temperature deviation 
from its average value is known for each section, The difference between the resistance of the entire thermocouple 
for average temperatures and its resistance at 15°C defines the systematic error component, which is taken into ac- 
count in processing the measurement results, Changes Ar in the thermocouple resistance, which are caused by de- 
viations of its temperature from the average value, define the chance measurement errors, With respect to the 
over-all resistance R (94 ohm) of the circuit, this error is equal to 


+0.58% 


b) For determining errors caused by differences between the temperature of the rotating thermocouple free 
ends and the temperature of the working end of the slip-ring auxiliary thermocouple, we prepared an experimental 
slip ring (Fig. 4). One of the bands of the slip ring was used as the rotating part whose temperature was to be de- 
termined, Thermocouple 1 was mounted on this band,and thermocouple 2 was mounted on one of the brushes press- 
ing against this band, The distance between the working ends of these thermocouples was made to be as small as 
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Fig. 5. Variation of thevane profile temper- 
ature field in time during the starting and 
warm-up periods of a turbine, 1) Thermo- 
couple mounted on the leading vane edge; 
2) thermocouple mounted on the trailing 
edge; 3) thermocouple mounted on the vane 
back side; 4) angular velocity, 


possible, and it did not exceed 3mm, Therefore, the tem- 
peratures of the two parts — the rotating band and the immobile 
brush — at the spot where the thermocouples were mounted 
were the same or very close to each other, The equality of 
these temperatures was checked by experiment. In testing 

the slip ring, the temperature conditions for junction 3 of the 
rotating thermocouple and junction 4 of the auxiliary thermo- 
couple were kept equal as closely as possible, The tempera- 
ture difference between junctions 3 and 4 constituted the error 
dt to be determined, This error was determined for all operat- 
ing conditions for which the temperature of rotating parts of 
the machine under investigation was measured, The system- 
atic component of this error, which was on the average equal 
to 10°C for all machine operating conditions, was taken into 
account in processing the measurement results, The chance 
component of this error with respect to the upper limit in 
measuring the temperature of the part under investigation was 


equal to 
dtr —*°.100=0.81 %. 


c) The error caused by heat dissipation through the thermoelectrodes can be estimated by calculations based 
on the problem of heat conduction through a rod. If the diameter of the thermocouple thermoelectrodes is small 
(in our case, it was 0.3 mm), this error is small, and it can be neglected in evaluating the over-all measurement 
error, 


d) Since the error due to changes in the contact resistance at the slip-ring brushes for different angular veloc- 
ities are small, they also can be neglected, 


e) In our case, where a single oscillograph was used, the measuring equipment error was a =+1.5%, Ac- 
cording to the universally accepted method of error calculation, the total error in measuring the temperature of 
rotating structural parts was 


~+V 0.5840.81241.57 ~41,8%. 


As an example, Fig. 5 shows the oscillogram of the temperature field variation in the vane profile during the 
turbine starting and warm-up periods, In this experiment, three thermocouples were installed at a given vane sec- 
tion; at the leading and trailing edges (curves 1 and 2) and at the vane back side at the thickest profile part 
curve 3). 


CONCLUSION 


The described method of experimental temperature determination in rotating structural parts of high-speed 
turbines under actual operating conditions provides the possibility of obtaining a clear idea about their actual 
thermal state, which makes it possible to determine the character and magnitude of thermal stresses in these struc- 
tural elements, This method is also of interest for further improvements of methods for temperature measurements 
in rotating parts of various machines, 
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ERRORS IN MEASURING THE TEMPERATURE OF TURBULENT 


FLAMES BY OPTICAL METHODS 


K. P, Vlasov 


As is known, temperature is one of the most important characteristics of combustion processes which take 
place in combustion chambers of reaction motors, In these motors, the combustion of the fuel — air mixture takes 
place at high temperatures and velocities (up to 100 m/sec and over) and a high flow turbulence, which compli- 
cates the temperature measurement to a considerable extent due to the presence of large temperature gradients 
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Fig. 1. Temperature field in the horizontal 
cross section of an open flame jet (a = 1.2; 
w = 50 m/sec), 1) Results obtained by the 
method of spectral lines conversion (OFO~-2); 
@) with respect to Na; O) with respect toLi; 
4) with respect to Li; 0) with respect to Li; 
2) IKP data; 3) data obtained by means of a 
thermocouple; 4) according to gas analysis 
data, 


Fig. 2, Arrangement for measuring local tem- 
peratures by the method of spectral lines con- 
version, 1) Light source; 2) coloring tube; 

3) pump; 4) colored zone; 5) spectroscope. 


throughout the jet cross section (Fig. 1), In this case, the 
usefulness of thermocouples is limited by their insufficient 
thermal resistance and also by considerable errors inherent 
in this measurement method when applied to the flow of a 
burning mixture [1]. 


Other difficulties encountered in measurements are 
considerable high-frequency temperature oscillations in 
time at individual points in the flame zone under all con- 
ditions, including steady state conditions. Such tempera- 
ture oscillations at individual points in the combustion 
zone are characteristic of turbulent flames, 


In this field, the most promising methods are the 
optical temperature measurement methods: 


1, the method of converting the spectral lines of 
sodium (or of another metal with a low excitation potential), 
which is introduced for flame coloring; 


2. the method of infrared brightness pyrometry, 


A deficiency of optical temperature determination 
methods is the fact that, by means of these methods, we 
do not determine the temperature of any given flame zone, 
but a certain average (average optical) value which lies 
between the maximum and the minimum flame tempera- 
tures in the direction of the optical axis of the instrument 
receiving the radiation, 


The problem of using optical methods in measuring 
the flame temperature in turbulent flows of homogeneous 
burning mixtures has been considered in a number of papers; 
however, the obtained results are contradictory, 


Interesting data were obtained in [2], In this work, 
the experiments in determining the flame temperature were 
performed according to different methods for open flow at 
a section of a tube 220 mm in diameter, where a burning 
mixture of Benzene B-70 and air, prepared beforehand, was 
fed (the fuel header was located at a distance of over 30 
tube diameters from the igniter), The flame jet was stabil- 
ized at the ignition burner, which was countersunk in the 
tube, The temperature was measured at distances of 120 


and 230 mm from the tube section, The flame temperature measurements by the method of spectral lines con- 
version, by means of the OFO device with respect to visible radiation,and by means of an infrared brightness py- 
rometer with respect to infrared radiation,were performed simultaneously, The optical layouts of the devices are 


re 


b 
a 


Fig. 3. Block diagram of the device (a) 
and the optical layout of the device (b), 
A) Irradiation source; 1) infrared filter; 
2) spherical mirror; 3) photoresistor; 

4) compensation lamp; 5) synchronous 
motor; 6) obturator; 7) amplifying stage; 
8) phasing stage; 9) terminal stage; 

10) indicating instrument; 11) compari- 
son source; 12) flame; 13) detector, 
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Fig. 4. Comparison of experimental and 
theoretical temperature profiles across 

a turbulent flame jet cross section (a= 
= 1,2). 1) Theoretical temperature pro- 
file (if chemical analysis data are as- 
sumed to be correct); 2) theoretical tem- 
perature profile (if thermocouple read- 
ings are assumed to be correct); 3) ex- 
perimental chemical analysis data; 4) ex- 
perimental thermocouple data; 5) experi- 
mental conversion method data, obtained 
by means of the OFO; 6) experimental data 
obtained by means of the IKP; Y) distance 
from the jet axis, 


shown in Figs, 2 and 3, respectively, In measuring the flame 
temperature, besides optical methods, the gas analysis meth- 
od was used, as well as platinorhodium—platinum thermocouples 
with open junctions and a wire diameter of 0.5 mm (the wires 
were butt-welded at the junction), Corrections for heat radiation 
losses were not introduced in thermocouple measurements, As 
an illustration, Fig, 1 shows the measurement results obtained 
for one set of operating conditions, It appeared that, by using 
the method of spectral lines conversion (OFO device), it was not 
possible to measure accurately the profile of average tempera- 
tures across the flame jet cross section, A more accurate tem- 


" perature profile can be obtained by means of the infrared py- 


rometer method; however, even this method does not yield tem- 
peratures which are average with respect to time, This is due 

to the fact that temperature variations in time occur in the 
turbulent combustion zone, The average temperature in meas~ 
urements by means of optical methods can change in dependence 
on the law of temperature changes in time and on the measure~ 
ment method (more accurately, in dependence on the radiation 
wavelength \), Moreover, the measurement of the maximum 
temperature along the jet axis by means of the conversion meth- 
od yields temperatures which are much higher than the adiabatic 
combustion temperature (in the case of mixture compositions. 
different from a = 0,8-1,1), This result can be explained [2] by 
the fact that the mixture, which is ordinarily considered as homo- 
geneous ,probably has microinhomogeneities, due to which a 
and, consequently, the combustion temperature, vary along the 
jetaxis, which leads to temperatures higher than the actual 

ones when the method of spectral lines conversion is used in 

this case, 


However, paper [2] does not provide sufficiently rigorous 
quantitative calculations for a reliable confirmation of these 
qualitative considerations, 


For a sufficiently wide range of changes in initial param- 
eters, it can be considered that the turbulent combustion zone 
contains only complete combustion products at the adiabatic 
combustion temperature T, and the fresh mixture, at the tem- 
perature T,, The share of intermediate temperatures T, (T; > 
> Ts > T;) is negligibly small, In this case, the average tem- 
perature inside the turbulent combustion zone can be represented 
in the form ; 


(1) 
where 


T= T; ( + T2Po, 


where P, is the probability of temperatures T, at a given point 
for a certain time interval, and Pg, is the probability of tempera- 
tures Te. 
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In using optical temperature measurement methods, the av- 


nary erage optical temperature with respect to time is determined from 
the relation 
10 
(2) 


where T (rT) is the flame temperature, Ty is the average optical 


°@ 7 temperature, C, is a constant in the flame radiation equation, ) is 
\ the radiation wavelength, r is the time, and ¢€ is the flame radi- 
\ ation capacity. 


By using the empirical law that is expressed by (1), 


T(t) =T=T,(1—P2) +7 


after suitable transformation, we obtain 


0 20 90 Ymm 
Fig. 5. Comparison of experimen- 1 P, P, 
tal and theoretical temperature pro- + 
files across a turbulent flame jet er (3) 


cross section (a = 1.0), 1) Theoret- 
ical temperature profile (if chem- 
ical analysis data are assumed to be 
correct); 2) experimental conversion 
method data, obtained by means of 


Since, at the temperature T, (initial temperature of a fresh 
mixture), the radiation is equal to zero, Eq, (3) becomes simpler: 


the OFO; 3) chemical analysis ex- Tus & 

perimental data; 4) experimental 
data obtained by means of the IKP; aint © a | 41 

Y) distance from the jet axis, 


e The quantity P, can be determined if we know the actual 
value of the quantity T, which must be different from Ty). 


If we assume that the experimentaldata obtained first by the gas analysis method,and then by the thermo- 
couple method (as is known, these two methods yield different results), are correct, the value for P, can be found 
from (1). Then, knowing the actual value for P,,T, for the given method can be found from (4), after which we 
can calculate 


To—f, 


and compare this value with experimental data from [2]. 


Figures 4 and 5 show the calculation results for the expected readings to be obtained by the method of spec- 
tral lines conversion and for infrared pyrometer readings,as well as a comparison of these results with experimental 
data [2]. 


A good agreement between experimental and theoretical data is observed. 


In comparing the measurement results obtained by means of an infrared pyrometer with theoretical data (if 
the results obtained by thermocouple measurements are assumed to represent the actual temperature profile), we 
notice that the theoretical data have higher values, This effect can be explained by the fact that temperature 
values obtained by means of a thermocouple are higher than the actual value for T, which is confirmed by the 
results [1]. 


In order to obtain an even more accurate idea of the in- 
fluence of the radiation wavelength used on the magnitude of 
a T). we shall compare the actual temperature profile (obtained 
ew 1 a . by experiments) with profiles which would be obtained by using 
nN the method of spectral lines conversion (OFO device with A = 


“TT 0.6 p), the infrared pyrometer method with = 2,7 (actual 


Ne -- case), and the infrared pyrometer method with A = 4,3 (pose 
ad = ai sible case), The calculation results are shown in Fig. 6. 


With an increase in wavelength \, the temperature pro- 
| ios 1 file approaches the actual one, in connection with which the 
use of greater wavelengths should be recommended, i.e., infra~ 


0 red pyrometry with = 4,3 should be used, Moreover, the 
Fig. 6. Comparison of the actual tem- correction factor for conversion from the optical to the actual 
perature profile with temperature profiles temperature can be calculated, 


obtained by the method of Na spectral 
lines conversion and by the IKP infrared 
pyrometer method, 1) Actual Pg; 2) IKP, e 

d= 4.3 3) IKP, X= 2.7 p; 4) OFO, 

= 0.6 p; T = Ty(1—Py); T; is = (5) 
the minimum temperature (of the fresh a ony 

mixture); T, is the maximum tempera- rv 

ture; Y is the distance from the jet axis, 


For this, by transforming (3), we obtain 


where Ty is determined by experiment, and Tg and T, are known, 


The measurement of maximum temperatures along 
the jet axis (where apparently no temperature fluctuations in time should occur, as the fuel combustion is com- 
plete) actually leads to higher temperatures, which is especially noticeable if the method of spectral lines con- 
version is used, This result cannot be readily foreseen, since, for sufficiently great distances from the fuel header, 
a sufficiently good mixing can be expected. It is usually assumed that the mixing time is determined by the time 
during which a turbulent vortex of a given dimension exists, i.e., 


where I is the vortex dimension, and u® is the pulsation velocity. 


However, the time during which a vortex exists should be understood only in the kinematic sense, i,e., it 
should be considered as the time during which a given velocity field exists; the initial velocity field vanishes, 
but not its composition inhomogeneity, which only propagates in space, 


The dissolution of the turbulent vortex inhomogeneity takes place under the action of microturbulence and 
accelerated molecular diffusion, i.e., it takes place rather slowly [3]. 


In our case, in atomizing the fuel through nozzles in air flow at a distance of 30 diameters from the flame 
jet for a flow velocity of 50 m/sec, the micromixing is not completed, although macroinhomogeneities are not 
observed (a gas analysis of samples taken over the tube cross section showed a completely homogeneous composition), 


In connection with this, the probable composition inhomogeneities as well as their duration Pg can be cal- 


culated, For this, we shall assume that, for a given aay, there are microinhomogeneities with o, = 1,0 and a, 
equal to 


This equation can be found from the fuel consumption balance: 


8 8 +87 (1—P2) 


Neglecting the possible intermediate values of a (a2 > a > a4), from the transformed Planck equation [1], 
we find ,in a similar manner, 


= P, 4 1—P, 
XT. 
eh 


where Ty is the adiabatic combustion temperature for a = 1,0, and T, is the adiabatic combustion temperature 
for dp, 


If we know the value for Ty, the maximum value Pz, of microinhomogeneity a with respect to time can be 
found by experimental temperature measurements along the jet axis for a given a,,,, according to the method 
of Na spectral lines conversion, 


According to the data from [2], calculations for a, = 1.5 show that the value for Py must be equal to 0.2 
in order that the existing discrepancy between Ty, and the theoretical value of T for Gy can be explained, With 
a decrease in a,,, the magnitude of P, increases, 


In a number of papers, it is considered that discrepancies between temperatures measured by the method of 
spectral lines conversion and temperatures measured by the infrared pyrometry method can possibly arise due to 
an unsteady combustion process and the appearance of “excitation delays® of heavier molecules of flame reaction 
products in comparison with metal vapor atoms, It is shown that the radiation of metal atoms and also of final 
reaction products (CO, and water vapors), which are the main source of infrared radiation, is close to thermody- 
namic radiation, However, it is known that, in the chemical reaction zone, ionization which is by several orders 
of magnitude more intensive than the equilibrium ionization is observed, which indicates a possible nonuniformity 
in energy distribution with respect to degrees of freedom, Regardless of this fact, even if we assume that such an 


"excitation delay” is observed in the chemical reaction zone, this should not influence the temperature changes 
in practice, 


Actually, the share of intermediate temperatures (temperatures between the initial fuel mixture temperature 
and the temperature of complete combustion products) and, consequently, the presence of chemical conversion 
zones,are negligibly small in a turbulent flame jet, Nonuniformities in complete combustion products can hardly 
be expected; this is also indicated by measurements of the ionization current, the level of which becomes close to 
the equilibrium level in combustion products, This is indirectly confirmed also by data from [2], Actually, as ap- 
peared to be the case in temperature measurements along the jet axis under conditions where a = 1 (when the mix- 
ture composition inhomogeneity should not influence the temperature measured by the optical method), the tem~- 
peratures measured by means of an infrared pyrometer and by the method of spectral lines conversion coincide 
(see Fig. 9 on p. 16 [2). 


CONCLUSIONS 


1, The resultant discrepancies between temperatures of turbulently burning homogeneous mixtures which are 
measured by optical methods (the conversion method and the infrared method) and temperatures measured by other 
methods can be satisfactorily explained by theoretical considerations of the nature of temperature averaging by 
optical methods, if we assume that, in the combustion zone, the temperature fluctuates according to the law 


TJ 


2. The fact that higher adiabatic combustion temperatures are obtained along the flame jet axis, where the 
combustion is complete for mixture compositions with a % 0.8—1.1, can be explained by fluctuations of the mix- 


ture composition in time; however, it must be assumed that a considerable degree of inhomogeneity (P) is present 
in this case, 


3. The above analysis shows that, in principle, the actual temperature can be calculated with respect to 
measured optical temperature values. 
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ELECTRICAL MEASUREMENTS 


AN ACTIVE VOLTAGE DIVIDER FOR HIGHER FREQUENCIES 


N. V. Levitskaya 


Until the present time, actual voltage dividers have been used for testing voltage transformers only at the 
industrial frequency. An active voltage divider for the testing of voltage transformers at frequencies up to 10 kc 
and voltages up to 2 kv has been constructed at the All-Union Scientific Research Institute of the Committee of 
Standards, Measures, and Measuring Instruments (VNIIK) [1]. 


The divider consists of a number of wire-wound resistor plates with a small time constant, which are con- 
nected in series and are enclosed in a common screen for stabilizing capacitance leakages from the divider cir- 
cuit, 


An auxiliary divider, similar to the working divider, to which the divider screen is connected at a certain 
given point, is provided for supplying the necessary potential to the screen, Capacitance leakages from the auxili- 
ary divider circuit as well as from the working divider screen are stabilized by enclosing both dividers into an 
over-all external grounded screen, The working and the auxiliary dividers are connected in parallel to a high- 
voltage source whose one pole is grounded. The primary winding of the transformer to be tested is connected to 
this source, A voltage, the nominal value of which is equal to the nominal value of the secondary voltage of the 
transformer to be tested, is tapped off a portion of the divider resistor at its grounded end. 


The nominal division factor of the divider is 
U 
where Uyn and Ugn are the nominal values of the primary and the secondary divider voltages, respectively. 


The nominal division factor can also be expressed by the equation 
Kn _twh , 
Twl 


where r,,), and ry are the resistance values of the high-voltage and low-voltage divider sections, respectively, 
which are measured for direct current. 


The actual value of the division factor for alternating current differs from the nominal value by a certain 
complex quantity, since, in practice, active dividers cannot be made to be entirely nonreactive. 


The complex divider error for alternating current is 
Kner, 
U, 


where Uj is the voltage applied to the divider,and Us is the voltage tapped off the divider. 
It can be shown [2] that 


ho=f+J6, 


where f - is the divider voltage error, and 5 is the phase 


Divider x shift between U, and U, (angular error of the divider), 


With an increase in frequency, the divider errors increase, and, 
therefore, in designing an active voltage divider for higher frequencies, 
it is first of all necessary to limit its frequency errors: the angular er- 


ccecen ..) ror and the voltage error Af, which is equal to the change in the ra~ 
uxillary tio U,/ U, when the frequency varies. 

In analyzing phenomena occurring with frequency changes in 

a screened active voltage divider which is constructed according to 
Ca the above scheme, the influence of interturn capacitances and of the 

pe eS : self-inductance of resistors forming me divider circuit can be neg - 

+ lected, since they are small in comparison with the influence of 
Fig. 1 capacitances of these resistors with respect to the screen, 


At frequencies of the order of 40-60 cps, errors due to capac- 
itance leakages from the auxiliary divider circuit to the grounded screen also can be neglected because of their 
smallness (3 and 4], In this case, the processes occurring in an active divider when the frequency changes will 
correspond to processes occurring in an equivalent circuit, similar to the circuit shown in Fig, 1, when the capac- 
itance C,, which is equivalent to the capacitance of the auxiliary divider with respect to the grounded screen, is 
absent. The divider resistance r and the capacitance C of the divider operating circuit with respect to the screen 


are assumed to be uniformly distributed along the divider length so that the resistance portion rdx has a capacitance 
Cdx, where x = r(x)/r. 


The current in the low-voltage part of the divider is assumed to coincide in phase with the voltage drop ac- 
cross this part, and the resistance of the low-voltage section can be — since it is small in comparison with 
the resistance of the high-voltage section, 


For these conditions, the so-called telegraph equation is valid, From the solution of this equation [5], it 
follows that, if the working divider screen potential is made to be equal to one-third of the voltage applied to the 
divider and, if the potential distributions along the length of the working and the auxiliary dividers are assumed 
to be equal, the phase shift between the over-all voltage applied to the divider and the current at the grounded 
end will be equal to zero, This constitutes the condition for a small angular error of the divider, 


The voltage error Af at 40-60 cps, although it is not equal to zero, will be negligibly small for a suitable 
selection of divider structural parameters; however, if the frequency is increased to 10-20 kc, this error becomes 
considerable and must be taken into account in designing as well as in using the device, 


For determining the magnitude of frequency errors, it is necessary to take into account the capacitance 
coupling of the auxiliary divider with the surrounding grounded screen. In this case, the processes taking place 
in the divider will correspond to processes occurring in the equivalent circuit, which is shown in Fig, 1. 


Let us introduce the following notation: ® is the current in the working divider circuit; O,, is the potential 
at the point x of the working divider; rp is the resistance of the high-voltage section of the working divider; i, 
is the current in the auxiliary divider circuit; U, is the potential at the point x of the auxiliary divider; i is the 
capacitance leakage current from the working divider screen; r_,, is the resistance of the high-voltage section of 
the auxiliary divider; C,, is the capacitance of the working divider circuit withrespect to the screen; C, is the 


capacitance of the auxiliary divider circuit with respect to the screen; U is the potential of the working divider 
screen, 


Lettwh = Tah =F and ry, =f.) = tp, where and r,) are the resistances of the low-voltage sections of the 
working and the auxiliary dividers, respectively, 


Also, let us assume, as in the previous case, that C,,, C,,and r are uniformly distributed along the divider 


The distribution of currents and potentials in the working and the auxiliary dividers can be found from the 
following system of equations; 
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(1) 


By solving (1), we obtain 


(Cyt). 
(2) 


For the optimum value of the screen potential Us. we shall take the potential for which the current hy ¢x =») ' 
at the end of the high-voltage section coincides in phase with the voltage applied to the divider, which, for the 
above assumptions, corresponds to the zero angular error of the divider. As was mentioned before, for dividers | 
operating at low frequencies, the optimum potential has the value U, =0,/3. 


Assuming that the potential distributions along the length of the working and the auxiliary dividers are equal 
in the first approximation, we connect the working divider screen to the auxiliary divider at the point x = 1/3, 
and we determine the dependence of the thereby obtained divider errors on frequency and on the distributed divider 
parameters. 


The integration constants are determined from the following boundary conditions: 


1) 
2) 
3) 


5) 


If we denote 


(3) 
\ (4) 


i 


by solving (2), we obtain 


Us). 
| 


U, 1 
(6) 
2 13 4 


After suitable transformations, we shall obtain the following expression for the voltage ratio of an active 
divider operating at higher frequencies: 


By analyzing (8), we find that the ratio of the voltage tapped off the divider to the applied alternating-cur- 
rent voltage of higher frequency will differ from the value of this ratio for direct current by a certain: complex 
quantity, which depends on the frequency and on the divider distributed parameters (r, C,,, and C,). The real 
part of this complex quantity characterizes the divider voltage error when the frequency changes by Af, and the 
coefficient of the imaginary part characterizes the divider angular error 6, 


As indicated by (8), with an increase in frequency, the divider voltage error increases in proportion to the 


square of frequency, and it can attain an inadmissibly high value if adequate measures for its suppression are not 
provided in designing the divider, 


As can be seen from (3), (4), and (8), the error Af will be small if the quantities y, and y, are small,or if 
the latter are related by a certain given ratio, 


If we denote 
| =e. 
| 
then, from (8), the voltage error will be 
7 2 
If the maximum allowable divider voltage errors for higher 
9 af hor operating frequencies are given,and if we limit the power which is 
oe WA dissipated in the divider resistors and which determines the required 
“ A) surface areas of windings, and, consequently, the values of their 
| \ 4f>0 » distributed capacitances, the parameters of a projected divider can 
al | be uniquely determined by taking into account that, according to 
Af-+0004 the condition, gy ge. 
For convenience in calculation, curves of the following form 
as +0002 A, can be plotted: 
as |-\af--0.001 


12 
Yf 7 Af= (Fig. 2) 


as 
4 Y, / The described method was used as the basis in designing a 
ar) 2-kv active voltage divider, which was constructed at VNIIK (All- 
SY / | Union Scientific Research Institute of Ceramics) for checking 
0 a2 06 06 6 bY, standard voltage transformers at frequencies of up to 10 kc, 
Fig. 2 


It was necessary toconstruct a divider whose voltage 
4 error would not exceed 0,2% and whose angular error would 


not exceed a few minutes at a frequency of 10 kc, which 
Q12 would correspond to g; = gp < 0.4, The power dissipated in 
006 5 Ln 0 divider resistors was limited to 300 w for a maximum tem- 
004 perature rise of 10-12°C. 
0 2000 4000 6000 8000 10000 Fag The assigned values of g, and g» for a higher operating 
Fig. 3 frequency determined the maximum values of the products 
1 rCw and rC,, On the other hand, the power consumed by the 
divider and the maximum voltage for which the divider was 
+6 designed determined the minimum resistance r and the divider 
min 7 [ operating current, 
5 joel $= The minimum cooling surface of the divider winding 
5 is determined by the maximum allowable temperature error 
0 —~— " of the divider, The increasing of the cooling surface area 
3 “ar — of the divider resistors is limited by the maximum allowable 
-6}-— values of capacitances C,, and C,. 
“9 Las 5 The divider which has been constructed at VNIIK, 
4 which consists of two identical dividers (the working and the 
Vat auxiliary divider), has the following technical characteristics: 
Fig. 4 the nominal current is 60 ma, the resistance is 33,000 ohm, 


the cooling surface area of windings is 0.6 m?, and the capac- 
itance of each divider with respect to its screen is ~ 150 pyf. 


The working and the auxiliary dividers consist of identical constantan resistor wires, which are wound in single 
layers on Getinaks * plates, The time constant of such a plate, which has dimensions equal to 300 x 85 mm and 
a winding resistance of 2500 ohm (the windings are made of 0,2 PEK wire), does not exceed 1 +107" sec, 


The high-voltage section of the divider working circuit has two screens, The inner screen of the high-volt- 
age section is connected to the auxiliary divider at the point x = 1/3, 


The external grounded divider screen is the common screen for the high-voltage parts of the auxiliary and 
the working dividers, 


The measured values of divider errors, which agree with the theoretical values with respect to the order of 
magnitude, differ from the latter to a certain extent, which is mainly due to the unaccountable effect of the inter- 
screen capacitance and the influence of the low-voltage divider section, 


The divider interscreen capacitance, while shunting a portion of the auxiliary divider resistance, changes the 
potential distribution in it, and also causes a change in the intensity of the working divider current; this leads to 
an additional voltage error Af’, which like the error determined in (8), is related to frequency changes by a quad~- 
ratic relation. 


The effect of this capacitance, which can be easily measured in a finished divider, was compensated by 
connecting in parallel a lumped capacitance to a portion of the auxiliary divider resistor between the connection 
point of the inner screen and the divider high-voltage terminal, 


If the division factor is changed, the angular error of a constructed divider changes to a certain extent due 
to variations in the resistance of the low-voltage section, and it attains 10-20 min at 10 kc, For the main measure- 
ment ranges, the angular error was compensated by slight shifts of the point at which the inner screen was connected 
to the auxiliary divider. 


At 10 kc, the divider error, measured after compensation, did not exceed 0,15% and 7° (except for the lower 
measurement limit 300v/100 v, where the angular error attained 15"), 


* Soviet electric insulating material [Publisher's note}. 


The diagramsof the frequency voltage error and the angular error dependences on frequency for the described 
divider, plotted according to experimental data, are shown in Figs, 3 and 4, respectively. 


The divider frequency errors were measured by means of the VNIIK device for determining the time con- 
stants of multiohm resistors and the loss angle of standard capacitors; the errors did not exceed + 0,05% and + 3° 
at 10 kc, and they were smaller for lower frequencies, 

CONCLUSION 


The proposed method can be recommended for the design of single-section screened voltage dividers for 
voltages of up to several kilovolts, which are intended for use at higher frequencies in checking high-voltage 
equipment as well as. for high-voltage measurements, 
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HIGH AND ULTRAHIGH FREQUENCY MEASUREMENTS 


ELIMINATION OF MISMATCH ERRORS BY MEANS OF 
PHASE INVERTERS 


M. E, Gertsenshtein and L, N, Bryanskii 


A method of eliminating mismatch errors [2] in the simplest channel, consisting of an oscillator and a load, 
where a single cycle of paired reflections is present, has been analyzed in [1]. In such a simple channel, the ap- 
plication of a single phase inverter completely eliminates mismatch errors in measuring the power of an oscillator 
or the sensitivity of a receiver. 

The aim of the present article is to discuss 
the results to be obtained if this method is used 
for more complex channels, which have several 
cycles of paired reflections, and also for analyz- 
ing the problem of errors due to the deviation of 
phase inverters from an ideal one. 


In relative measurements, when the load 
standing-wave ratio is constant during the meas- 
urement process, the constant factor 
is eliminated from the final calculation formulas, 
and the value of V, to be measured can be cal- 
culated according to the approximate equation 


Fig. 1. 1) Oscillator; 2) decoupling attenuator; 3) im- 
pedance~matching transformers; 4) measuring line; 

5) attenuator to be calibrated; 6) detector head; Ph) 
phase inverters. 


v,—Vmax+Vmin (1) 
2 


where Vinax and V,,j, are the maximum and the minimum values of the quantity to be measured for different 
positions of the phase inverter handle, The error in this equation is of the order of a%(a =| rl). and the intro- 
duction of corrections, calculated in [1], is not required for measuring channels with a standing-wave ratio of less 
than 1.5. 


Consider the channel (Fig. 1a) of a device for the calibration of attenuators by the method of replacement 
with respect to low [3] or intermediate frequency. In this case, in order to eliminate mismatch errors, the load 
as well as the oscillator section are carefully matched (up to a standing-wave ratio of ~1.02, Such matching, 
which must be performed for calibrating each frequency, is a cumbersome, time-consuming operation, especi- 
ally, the matching of the oscillator section, This operation can be avoided if phase inverters are used, 


In the case where phase inverters are used, the channel will assume the form shown in Fig. 1b. 


It differs from an ordinary circuit [3] by the fact that the impedance-matching transformers are replaced by 
phase inverters, and the measuring line is removed, 


At each calibration point, the maximum (Vinax) and the minimum (¥,. ) readings of the measuring ampli- 
fier instrument are obtained by means of both phase inverters. The arithmetical mean value is used for calculat- 
ing the attenuation, 


For a theoretical analysis of the measurement method, a vector diagram [2] can be conveniently used, In 
this, we neglect terms of the order of of and higher, which, as was shown in [1], lead to negligible errors, The 
electrical circuit of the channel and the cycles of paired reflections are shown in Fig, 2. 
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It is convenient to choose the reference planes 


re hf for reading the phase in such a manner that the reflec- 
"7 | tion coefficients [ be real and positive, The attenu- 
ator tennniiton factor Q is a complex quantity: Q = 
[NY 
LLP ; = Qye!”. The vector diagram of mismatch errors is 
shown in Fig. 3, Here, 
l 
Fig. 2 +» 
+92 


where gy, and gy are phase shifts which are cancelled 
by the phase inverters, The mismatch error is equal to 
the projection of the resulting vector on the real axis, 


The coordinate origin corresponds to the absence 
of mismatch errors, 


According to Fig. 3, the analytical expression 
for the mismatch error will be 


4A=—8.69{| | cos2h, + | cos 244+ 
+1, cos2 (4; 


In the channel in Fig. 1b, there are three cycles of paired reflections (and, correspondingly, three vectors 
in the diagram in Fig, 3) and only two phase inverters, 


(3) 


Thus, the number of vectors is greater than the number of phase inverters, Let us consider the results of this 
situation. 


If only one phase is to be changed, for instance p», the end point of the vector OB will describe a circle 
(shown by the dotted line in Fig. 3), the center of which will not coincide with the coordinate origin, 


If both phases are changed (i.e., if both phase inverters are to operate), since we now have not one indepen- 
dent parameter, but two — p, and # —the end point of the vector OB will not describe a line, but it will cover a 
two-dimensional region, The maximum error value AV,,,,, corresponds to the extreme right-hand point of this 
region, and the minimum value AV,)4p will correspond to the extreme left-hand point, In the general case, the 
mean arithmetical value of the error 


A 2 
Von Vinin 


is different from zero due to the presence of the third vector. 


As will be shown below, the magnitude of AV, is considerably smaller than that of AV, and AV,, We are 
interested in evaluating the largest possible value of AV», which corresponds to the worst case, In the vector sum 
(Fig. 3), the vectors OD and DC are directly determined by the phase inverters, The argument of the vector CB 
is the dependent variable. 


Let us consider two positions of the vectors in the diagram in Fig, 4: 


1=0; 2¥,.=0; 


The mismatch error, determined as the arithmetical mean of these two positions, is equal to 
| Q2| }=cos2y. (5) 


igh 
| 
| 
4A, 
Fig. 3 
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The most disadvantageous case is when y = 0. In this, 


SAomax = £8-69 1/7 db (6) 


If the vector CB is smaller than either of the OD and 
DC vectors, the considered positions (for y = 0) correspond to 
the tuning for the maximum and minimum instrument read- 
ings. If the vector CB is not the smallest one, in tuning for 
the maximum or minimum the two largest vectors always 
point in the same direction (for y = 0),and the third, which fs 


GSS the smallest, causes the error, 
; Thus, mismatch errors are determined by the smallest 
vector in the vector diagram, and consequently, they are re~ 
Fig. 5 duced at least threefold in comparison with the case where 


no matching and no phase inverters are applied, 


Since the angle y is not known, further corrections, 


a smaller than MA, max’ cannot be introduced. 


Let us evaluate the mismatch error in calibrating at- 


on ee | tenuators by different methods by taking into account the 
Fig. 6. 1) Oscillator; 2) phase inverter; 3) at- fact that absorbing attenuators have a standing-wave ratio 
tenuator to be calibrated. equal to or less than 1,04-1.05 for minimum attenuation, 


In calculation, we shall use the following initial values: 
1, The standing-wave ratio of the oscillator and the load <1,2; 


2. the standing-wave ratio of the attenuator at the initial point < 1.04; the attenuator standing-wave ratio 
= 1.1 for attenuation of up to 10 db; the standing-wave ratio < 1,2 for attenuation exceeding 10 db. 


Then, in measurements without matching, the maximum error (AA) can attain + 0,25 db. 


If the channel is matched to a point where the standing-wave ratio < 1.04, AA will be reduced to + 0.035 db, 
If a standing-wave ratio < 1,02 is attained, AA = + 0.018 db. 


In matching by means of phase inverters, the initial-point error (in zero attenuation) can be as low as 
+ 0.017 db. 


The total error for an attenuation of 10 db does not exceed +0.026 db, and, for an attenuation of 20 db and 
over, the error does not exceed + 0,018 db. For attenuations of less than 10 db, the error does not exceed + 0,043db. 


Thus, the use of phase inverters is convenient and justified in all cases where measurements at several fre- 
quencies have to be performed. In this, the preparation of the instrument for operation becomes much simpler 
and faster at the expense of a certain increase in measurement time. 


Let us consider the errors which have not been taken into account in the above analysis, 


Actual phase inverters have small reflections, Therefore, additional reflection cycles arise in the channel 
(Fig. 5). 
The additional mismatch error due to these cycles is 


SA, +8691 (1) 


where I, is the reflection coefficient of the channel section adjacent to the phase inverter. 


Some broadband low-reflection phase inverters are described in [4], Experiments were performed on phase 
inverter mock-ups, the measured standing-wave ratio of which was equal to 1.005 [5]. Therefore, even the error 
for a channel with a standing-wave ratio of 1.5, calculated according to (7), did not exceed 0.02 db, 


Moreover, losses are present in an actual phase inverter, The magnitude of losses depends on the phase shift 


Ag. As was shown by theoretical analysis, the errors introduced by a phase inverter with a dielectric plate are 
equal to 


db (8) 


where ¢€" is the imaginary part of the plate dielectric permeability, and ¢ * is its real part. 


Equation (8) determines only errors depending on the phase shift, Constant losses do not introduce measure- 
ment errors, If the calibration curve for a phase inverter is known, a suitable correction for phase inverter losses can 
be introduced. However, it is not necessary to introduce a correction if small-loss dielectrics are used, For in- 
stance, if a steatite plate [6] is used for the three-centimeter range, €" = 5.4, €” = 0,0002, and the largest loss 
caused by the phase inverter (Ag = @)is Ajoss = 0,001 db, 


In conclusion, let us dwell on an example of a measurement with phase inverters, It is known that it is 
rather difficult to secure a good screening ofanultrahigh frequency channel, It is also difficult to check the 
screening quality and to evaluate the measurement error due to inadequate screening. A phase inverter can be 
used for detecting an ultrahigh frequency power leakage, The block diagram of the channel is shown in Fig. 6, 
The phase inverter is placed in the main channel, and the channel is matched, By turning the phase inverter 
handle, the phase of the wave passing through the main channel changes; the phase of the wave passing through 
the parasitic channel remains the same; therefore, the readings of the measuring receiver change in the case of 
leakage, The phase inverter must have a phase shift of not less than A, The signal travelling through the main 
channel can be calculated from (1). The signal travelling through the parallel channel is equal to 


Calculations show that the method sensitivity is approximately 160-190 db/w. 


CONCLUSIONS 


The use of low-reflection phase inverters provides the possibility of sharply reducing mismatch errors in 
measurements in a mismatched waveguide channel. In this, the cumbersome operation of matching the oscillator 
and the receiving device for each operating frequency becomes superfluous, 


The described method can also be used for measurements in devices which cannot be matched in principle, 
Extremely weak emissions due to an inadequate screening of the channel or very weak coherent signals can be de- 


tected by means of a phase inverter. 
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RADIATION MEASUREMENTS 


A NEUTRON DOSE MEASUREMENT UNIT* 


M. F. Yudin 


Although neutron dosimetry practice is over 20 years old, an established neutron dosimetry terminology 
and generally accepted basic physical quantities and units for their measurement are still not available. 


Thus, the All-Union State Standard 8848-58 “Units of x- and y~Radiation and Radioactivity” does not 
specify neutron dosimetry units [1]. The same can be said for the latest recommendations of the International 
Commission for Radiological Units and Measurements (ICRU) [2]. It is true, the absorbed-dose unit — a rad—which 
is equal to 100 erg/g, is contained in these papers. According to its sense, the rad unit can be used for measur- 
ing the absorbed energy of any ionizing radiation, However, a unit for measuring neutron doses, which would be 
similar to the unit dose of x- and y-rays in our All-Union State Standard,or to the “irradiation dose” in ICRU re- 
commendations, has not yet been proposed, 


The absorbed dose in rads depends on the physical characteristics of a neutron field,as well as on the com- 
position of the irradiated tissue, Thus, the absorbed dose does not represent a uniquely defined biological radiation 
characteristic if the composition of the irradiated body, or of a certain given tissue, is not indicated at the same 
time. For a certain time, the n-unit was widely used, This neutron irradiation unit was defined by the equival- 
ence of ionization created by neutrons in the thimble chamber of a “Victorin” dosimeter and ionization created 
in the same chamber by an x-ray dose of 1 r, A dosimeter with a measurement range of 100 r was ordinarily used 
for this purpose, Experiments showed that this unit was not satisfactory, Two chambers, giving equal readings in 
measuring doses of x- or y~radiation, show different readings in measuring the same neutron field. 


The unit which has been proposed by Gray has not been widely accepted,either. As is known, this unit 
is defined as the absorbed neutron dose fur which the ionizing radiation, caused by neutrons in water, creates one 
electrostatic charge unit of either sign in 0.001293 g of air. 


A unit for all types of ionizing radiations — the “tissue roentgen” which has been proposed by Failla [4], has 
not been widely used. The measurement of doses expressed in these units, as in the case of measurements in Gray's 
units, requires the presence of a very small air pocket, which is inapplicable in measuring low-intensity fields. 


The units called the physical roentgen equivalent (pre) and the biological roentgen equivalent (bre) [5], 
although they represent au advance in selecting a most suitable neutron dose unit, still do not completely satisfy 
all the requirements imposed on such measurement units, Thus, a bre is defined as a dose of any ionizing radiation 
which is, with respect to its action, equivalent to a dose of 1 r of x- or y-radiation, It is assumed that this unit 
thereby takes into account also the relative biological effectiveness (rbe) of various types of radiation, However, 
as is known, the rbe depends not only on radiation, but also on properties of the irradiated object [6]. 


The problem of neutron dosimetry consists in finding a useful physical measure of neutron radiation, which 
would be suitable for evaulating the radiation action on different biological objects, It is necessary to find such 
a physical unit which would be conveniently related to biological and therapeutic actions of radiation, In other 
words, it is necessary to establish a simple mathematical relation between a neutron dose unit and the biological 
action of neutrons, The physical quantities influencing the biological effect of ionizing radiation are the energy 
transmitted to the irradiated tissue and the ion density along the path of charged particles which produce ions or, 
more accurately, the energy loss per unit path of an ionizing particle. Therefore, instead of trying to solve the 
problem by devising methods of direct ionization measurements inside the medium, one can follow a different 
direction, as has been proposed by certain physicists: the character and intensity of the external neutron field 


* In the order of discussion. 


should be determined first, and then, on the basis of physical data, the specific energy absorbed at a certain spot 
in the irradiated object should be calculated. This view is supported by the fact that the nature of neutron inter- 
action with the atoms of the medium is more complicated than is the case with other types of ionizing radiations. 
Thus, in the case of thermal neutrons in tissue, gamma-~radiation can arise, which would oppose intensively foniz~- 
ing protons, as would any external electromagnetic radiation. In this case, a certain share of the neutron dose can 
be attributed to the action of gamma-radiation, i.e,, to the action of primary radiation of a different kind, This 
point of view is justified by the fact that the maximum allowable levels of neutron doses are not expressed in dose 
units, but in terms of flux densities, i.e,, in the number of neutrons per second which traverse a sphere with a cross 
sectional area of 1 cm?, It is obvious that identical fluxes of neutrons of different energies can produce,and actu- 
ally do produce, unequal effects in tissue, In this case,if the measurement conditions are to be fully defined, the 
spectrum of the applied neutron flux must be indicated. 


It seems to us that the concept of the dose value or the irradiation dose,similarly to the concept of the x= and 
y~tadiation dose, should be introduced also for the characteristic of neutron fields, 


The neutron dose unit (ndu) should be accepted as the unit for measuring neutron doses, The neutron dose 
unit is the neutron radiation dose in a tissue-equivalent gas for which ions carrying an electric charge of 1 electro~ 
static unit of either sign are produced in 0.001143 g of a tissue-equivalent gas,* The following mixture of gases 


(partial pressures, in percentages) is accepted as the tissue-equivalent gas [7 and 8}; methane : 64,4, carbon dioxide; 
32.5, and nitrogen: 3.1, 


From the results obtained in measuring neutron doses in neutron dose units by means of ionization chambers 
which are made of tissue~equivalent plastics and are filled with the tissue~equivalent gas, it is easy to calculate 
the absorbed doses in rads at different spots in the irradiated tissue, 


The neutron dose unit would characterize only the field of neutron doses,regardless of the properties of the 
irradiated object. 


This unit can be used in measuring neutron fluxes with neutron energies from 20 kev to 20 Mev, where elastic 
recoils will be the main interaction process of neutrons with the atoms of the tissue-equivalent substance, 


The conditions for reproducing a neutron dose unit would not involve special difficulties. Ionization cham- 
bers which are intended for the measurement of neutron doses can be calibrated in gamma-ray fields with known 
dose rates, 


By choosing a neutron unit in this manner, we shall obtain a unit which will satisfy the following requirements: 


1. The following simple relation will exist between the neutron radiation dose unit (ndu) and the specific ab- 
sorbed energy unit (rad): 1 ndu = 0.935 rad, 


Actually, from the results obtained in measuring doses of Co™ gamma-radiation, it follows that the ratio of 


ionization currents Ire and 1,;, in the same chamber filled with tissue~equivalent gas and air, respectively, is equal 
to 1.10. This ratio must be equal to [9] 


where € te and € air are the ionization work functions for electrons created by Co™ gamme-radiation in the tissue- 
equivalent gas and air, respectively, and Ste/S,j, is the ratio of the average mass stopping powers of the tissue- 
equivalent gas and air for electrons created by Co™ gamma-radiation, 


If we assume that € gir = 34 ev and Ste/S,;, = 1.05, the ionization work functionin a tissue-equivalent gas 
will be equal to 32,3 ev for electrons, and it will be equal to 33,7 ev for protons, 


Then, the neutron radiation dose of 1 ndu will correspond to the following dose which is absorbed in a tissue- 
equivalent gas: 


1 e 
=  .-2.08- 10°-33.7-1.6-1 —!2_93 5 
Indu = 7443-109 8 


i.e., 1 ndu = 0.935 rad. 


* The figure of 0.001143 g represents the mass of 1 cm’ of tissue-equivalent gas under a pressure of 760 mm Hg 
and at t = 0°C, 
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2. Dose rates as well as neutron doses can be measured by this method; it is simple and has an error of 
510%. 

If I is the ionization current in amperes, which is created by a neutron flux in a tissue~equivalent chamber, 
and V is the measuring chamber volume in cm’, the radiation dose rate P in ndu’s will be equal to 


In this, it is necessary to take into account the density of the tissue~equivalent gas filling the ionization 
chamber. 


The ionization saturation current must be reduced to the normal conditions for the density of the tissue~equi- 
valent gas: P = 760 mm Hg and t = 0°C; for this, y = 1.143-10°° g/cm’, 


3. It will be easy to compare devices used for practical measurements of neutron doses with standard devices 

for the measurement of neutron doses, 
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ESSAYS AND REVIEWS 


PHOTOELECTRIC FLUXMETERS 


I. G. Gutovskii 


In recent years, in various countries, new dc instruments for magnetic measurements have been produced 
and named photoelectric fluxmeters (PEF), Principles of operation and data for these devices are given below. 


The PEFconsists of an integrating instrument in many ways similar to an ordinary fluxmeter [1], but much 
more sensitive and accurate, Similarly to an ordinary fluxmeter the instrument measures the emf E in the meas- 
uring coil, whichholds the sample) produced by the variations of magnetic flux A® in the sample, 


The overwhelming majority of PEF‘s are con- 
en structed on the same principle of operation, which 
Gai involves an integrating amplifier circuit with a 

strong differentiated negative feedback. Such a 
Ht circuit with one integrator is represented in Fig, 1.° 
ue i The feedback voltage,which is proportional to the 
derivative of the output voltage U,» is subtracted 
Fig. 1 from the input voltage = E (the positive feed- 
back circuit shown by a dotted line can be omitted), 
The differentiating in the feedback circuit can be accomplished in theory by any differentiating device D, The 
operation of the circuit amounts to a continuous automatic compensation (with a certain amount of unbalance) 


of the input voltage by means of the feedback voltage; with a direct connection of the feedback voltage, dispensing 
with a potential divider,we have 


(1) 


where r is the time constant of the differentiating circuit. It follows from (1) that 
t 
U, d8=A®, (2) 
t 


i.e., that the output voltage is proportional to the magnetic flux in the measuring coil MC, 


A PEF is essentially similar to tube integrators of analog computers. The difference consists in the replace- 
ment of the basic stages of a normal dc amplifier by a photoamplifier stage [2, 3], From the point of view of en- 
suring an integrating action, this replacement is immaterial, 


The photoamplifier stage PA consists of a galvanometer with a) moving coil on a torsion suspension, and of 
a photocell bridge. The displacement of the galvanometer light beam is transformed by the bridge into a voltage 
(the voltage amplification is 10’-10*), The output power amplifier A (using electron tubes) provides a certain ad- 


ditional voltage gain (of the order of 100), An electronic potentiometer P is normally used as an output instru- 
ment, 


* The RC network is included in order to prevent oscillations, and it can be neglected in the preliminary analysis 
of the circuit operation principle. 


E, 


Toroidal 


Fig. 2 


The requirement of using a photoelectrooptical amplification is due to the extremely small value of the emf 
produced in such a transducer as a measuring coil with a very slow variation of the magnetic flux, In tube integ- 
rators the internal noise level greatly exceeds a useful signal of this kind, The use of a photoelectrooptical ampli- 
fier with a galvanometer input (noise level 107° v [2]) overcomes this difficulty. 


Let us examine the fundamental theory which expresses the behavior of the instrument in the low-frequency 
range and which brings to light one of the main defects of the instrument, its drift.* Moreover, it is assumed that 


all the amplifier stages are replaced by linear amplifiers with a gain of K, An ideal differentiation is also assumed, 
We then have 


(3) 


Substituting Uj» = KU,, we obtain an equation identical with that of an integrating RC network, Thus, the 
operation of the fluxmeter in thelow-frequency rangecan be represented by an equivalent circuit consisting of an 
RC network with a time constant T = K ; and sensitivity K/T =1/r [compare with (2)]. T or 1/ T gives a full 
characteristic of the drift. The first quantity is called the drift time constant and the second,the drift constant. 
Often drifting is evaluated by its speed when the instrument pointer is first deflected to the full scale,and when 
there is no input voltage, the speed is expressed in v/ min or maxwells/ min, It can be shown (4, 5] that the error 
of measurement (integration) in the time interval Tg, due to drifting, and expressed in percentage,is represented 
by the inequality 


4 
7 (4) 


It will be seen from (3) and (4) that the drifting is due to the finite value of T. 


Consideration of the imperfection of amplification and differentiation does not materially affect the analysis 
of the PEF operation at low frequencies, but at the higher range of frequencies, such a consideration is inevitable, 
The corresponding theory [5, 6, 7] is outside the scope of this review. Some of its conclusions required for com- 
paring individual PEF's are given at the end of the article, 


* Drifting is the deviation of the fluxmeter readings at each instant from those of an ideal integrator due to the 
finite value of the maximum time constant of the instrument. 
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Fig. 3 


The first photoelectric fluxmeter was suggested in 1937 by P, F. Edgar [8]. The instrument consisted of two 
integrators, one of which measured the induction of the sample (channel B) and the other the magnetizing force 
(channel H). The readings were recorded by means of an oscillograph, specially adapted for recording hysteresis 
loops. The differentiation in the feedback circuit was made by means of a standard mutual induction coil of 
0.1 h. Its full scale corresponded to 270,000 maxwells, and the accuracy was estimated at 0.5%, 


Edgar's invention was only used in 1948 at Princeton University [9]. The designer of the new model, R, H, 
Dicke, was the firsttouse an RC network as a differentiating circuit of the instrument, The fluxmeter consisted 
of one integrator only and had two ranges with constants of 10,000 and 100,000 maxwells/ v. 


Cioffi's paper [10] appeared in 1950, describing an instrument (Fig. 2) with two integrators (their circuits 
are surrounded by dotted lines), The circuit of the H-integrator 17 is identical to that of the B-integrator, The 
recording of the hysteresis loops is carried out on a double-coordinate electronic potentiometer 13, The circuit 
uses a vacuum photocell bridge with elements 6 and 7. The feedback circuit includes a mutual induction coil 
8 of 0,004 h, Sensitivity is controllable in both the H and B axes (potential dividers 12 and 14), Special atten- 


tion is paid to the reduction of parasitic thermal emf's at the input and to their compensation by means of cir- 
cuit 10, 


The maximum sensitivity is measured in 4 maxwells/division, The total error during a measurement last- 
ing 2-3 min is less than 0.5%, 


Cioffi's model is fully suitable for all the basic magnetic measurements with toroidal and core-type samples 
1 and with measuring windings 2, In the first instance,integrator H is not used,and channel H of the recorder sup- 
plies a voltage proportional to the magnetizing current, In the second instance (measurements of a solenoid or 
an electromagnet 18), the H-field is measured by means of integrator H and another measuring coil 19 wound as 
a magnetic potentiometer [1, 10]. A part of divider 14 is used to subtract a fraction of voltage E"}; of the H chan- 
nel from the voltage in the B channel in order to account for the field in the gap or to obtain the value of (B-H), 


The magnetizing circuit (magnetizing winding 15) is fed from source 16, The instrument includes a gal- 
vanometer 3, illuminator 4, an optical prism 5, amplifer 9, and an output indicating instrument 11. 


The instrument measures magnetic properties with a very slow-changing magnetizing current, which in prac- 
ticeeliminates errors due to various relaxation processes (retarding) in the magnetizing circuit and in the sample 
itselt, One of the great advantages of a PEF, as compared with an ordinary fluxmeter or a ballistic measurement, 
consists in providing measurement durations amounting to several minutes, 


Brockman and Steneck's fluxmeter (Fig. 3) [11] was constructed in the Philips laboratory (USA) in 1953. 
Similarly to the Cioffi model the instrument has two integrators whose main components consist of photocell 
bridges using gas-filled double photocells, cathode followers (dc amplifiers), correcting RC networks, and differenti- 
ating elements RyCy. The constant of the instrument, corresponding to its maximum sensitivity, is 10 maxwells per 
division (107° Wb/v), its error for a measurement period of 2-3 min is of the order of 0.5%, and the time constant 
characterizing the drift is 4 hours 40 min, The ganged switches Ky, Kg, Ks, and K, are thrown to positions H, U, 


and O, respectively, for zero correction, switching to the measuring (integrating )position, and for resetting to zero 
(shorting C4). 
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Fig, 4 


The recording is made on a double~coordinate automatic potentiometer with a range of + 0,01 v. The in- 
strument does not require special protection from vibrations. 


Samples of recording made by means of this instrument are shown in Fig. 4 where curve a is obtained with 
a magnetically soft,and b with a magnetically hard,matetial. 


Berge and Guderjahn's model (USA) [12] differs from the above by its combined feedback (negative differen~ 
tiating and positive without differentiation; the corresponding circuit in Fig. 1 is markedby a dotted line), Cal- 
culations show that a positive feedback can greatly decrease drifting. The instrument's characteristics are: dif- 
ferentiation by means of an RC network, error 0.%, instrument constant for maximum sensitivity is 1200 max- 
wells/ v, hysteresis loops recorded on a coordinate table (a variation of a double-coordinate electron potentiometer 
with a horizontal recording plane). It should be noted that the designers were unable to show experimentally with 


sufficient certainty the advantages of a positive feedback (the instrument has a drift characteristic of 25 maxwells 
per min). 


A photoelectric fluxmeter was also constructed in Japan [13], The design in many ways is similar to that of 
Cioffi and Berge~Guderjahn, with the principle of combined feedback being borrowed from the latter, Mutual in- 
duction coils of 0.1 and 0.01 h are used in the differentiating circuit. The instrument's sensitivity is variable from 
10° to 10° maxwells/v, Its accuracy is 0.5%. The hysteresis loops are recorded on a double~coordinate recorder 
with 10 mv scales, 


The British PEF's [14, 15] differ both in the principle of operation and construction from the above instru- 
ments; they are less sensitive and accurate than the American models, 


Published information exists about the development of PEF’sin France [16] and the FGR [17]. The character- 
istic features of these designs are: cadmium~sulphite photocells in the bridge, a combined feedback in the first de- 
sign, and a recording of the hysteresis loops on a double-coordinate recorder based on galvanometers, in the second 


design, 


Soviet contributions to the development of photoelectric fluxmeters concentrate mainly on circuits with one 
integrator, 


In E, I. Surikova's dissertation [18] an analysis of an integrator similar to the early American models is given. 
The innovation in the instrument consisted of the use in the bridge of a differential photoresistor made of selenium 
sulphite. The instrument's main characteristics are: the instrument constant (referred to a scale with 100 gradu- 
ations) 665 maxwells/ division, accuracy 1% (with T, = 30 sec), A mutual induction coil of 0,133 h is used in the 
feedback circuit, The drift constant is 27 min, 


The first instrument in which integration is made without a feedback was suggested by S, P, Kapitsa (6). The 
operation of the circuit (see Fig. 1 without a feedback) is based on the overdamped condition of the galvanometer, 
and by the fact that when the time constant of the RC network (with the rising capacity) is increased, the time con- 
stant of the photoelectric bridge, which consists in this model of vacuum photocells with a high differential (dynamic) 
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resistance (~10° ohms) *, rises up to a thousand seconds in- 
stead of fractions of a second or seconds in the previous 


ae we models (compare with [8]), The latter circumstance changes 
4, Ay Ys the mode of operation of the bridge from a quasi-stationary 
, -—h at to a nonstationary condition, so that the bridge operates in 
the linear portion of the transient curve, which corresponds 
= to the beginning of the process; in this condition the deflection 
R angle of the coil is (approximately) proportional to the cur- 
meee rent in the bridge diagonal, instead of being proportional, 
Fig.5 as in other fluxmeters, to the voltage across the diagonal, 


The operation of Kapitsa’s fluxmeter under above conditions 
is described by the following transformations. 


The equation of slowly rotating galvanometer moving coil, neglecting* * the second galvanometer time 
constant Ty, is 


dd 
(5) 


where 1, is the largest time constant; 9 is the moving coil deflection angle; @ is the measured magnetic flux; S is 
the voltage sensitivity of the galvanometer. 


The equation of the correcting network is 


dv 


(6) 


di 


where 1, = RC; i is the current in the bridge diagonal; Vg is the potential of amplifier A input tube grid, 


Considering that in the first approximation i = Ns (p is the dynamic resistance of the photocell, and N is 
its constant) and that U, = KyV,, we obtain p 


df Cp 
m 


If the parameters of the correcting RC network are chosen to be proportional to similar parameters of the 
galvanometer, then t, = 7, and from (5) and (7) we have 


so=(U; = . (8) 
‘0 


NKyS 


It should be noted that condition rT, = rT, does not prevent drifting, as it may appear from the equation [com- 
pare with (6)]. In fact,a more rigorous analysis, with the lack of proportionality betweeni and 9 taken into account, 
leads to the following equation instead of (7): 


where Ts =pC, and instead of (8) we shall now obtain an equation similar to that of the integrating circuit with a 
time constant rs [compare with (3)]. The drift of Kapitsa's nonfeedback fluxmeter is characterized by rs. 


* A very high input impedance for amplifier A is essential, since otherwise the photocell and capacitor circuits 
will be shunted. 

** The possibility of neglecting rz, follows from (6) where it is shown that the error due to Tz is small, A gal~ 
vanometer has in the aperiodic condition two time constants corresponding to two roots of the characteristic equa- 
tion, An overdamped condition is provided by r_<< 7. 
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It should be noted that i = “o only when r;-+ 0, In practice r; is finite, and it is possible to provide as 


large (and even larger) a drift time constant T in the previously described PEF"s(with a feedback) which lack an 
integrating condition in their amplifying circuit [see (3) ]. 


S. P. Kapitsa's fluxmeter used without a feedback has an instrument constant of about 5 maxwells / division, 
A variation of the design with a feedback by means of a differentiating transformer is also provided. The sensitiv- 
ity is then decreased, In the latter instance, the instrument operates according to the general principle represented 
bythe circuit in Fig. 1. 


The appearance of Kapitsa‘s fluxmeter made it possible to divide the P£F with feedback into two groups: 
the first one in which the gain is approximately linear,and the second with an integrating amplification. 


A correction which provides an integrating condition without feedback was also suggested by R. R. Kharchenko 
[5]. The correcting unit (Fig. 5),which consists of an auxiliary amplifier with a positive feedback,replaces the cor- 
recting RC network of other models (see Fig, 1 where the corresponding points of the circuit are similarly marked), 
The principle of operation of Kharchenko's correction can be readily understood from Fig. 5 and the equation given 
below. Neglecting the intermediate calculations we obtain 


dU 1—K,/_ aU. 


where tT, = RC; T; = ; K, is the gain without feedback. Since U, = k® (due to the small time constant of 
3 1 1 


T% 
1-K, 
the photoelectric bridge, which consists in this instrument of photoresistors), and with rt, = rT, and K, < 1, but Ky = 
= 1, we shall arrive at the same results as with Kapitsa's fluxmeter [see (10) and (9)]. Thus, the auxiliary ampli- 
fier circuit is equivalent to an RC network at the input of other models, and Kharchenko's circuit is equivalent to 
that of Kapitsa. 


In Kharchenko's instrument the integrating condition is used in the normal amplifying circuit with a feed- 
back, The instrument (model) contains one integrator with a constant of 87,700 maxwells/v and a drift time con- 
stant of some 9 minutes, Its error is 3% (T,~30 seconds). The feedback includes an RC circuit. 


It will be seen from above analysis that in ailPEF's, whether they have feedback or not, the integrating cir- 
cuit is provided by increasing one of the time constants characteristic of the system. 


In comparing the Kharchenko and Kapitsa fluxmeters, it should be noted that the achievement in Kharchen- 
ko's instrument of ar, of the same order as in Kapitsa's set(approximately 1000sec) is very difficult (owing to 
the instability of K,). 


In comparing Kapitsa's fluxmeter without feedback with those of the first group which use a feedback, it 
should be noted that the latter are more accurate and stable, and practically as sensitive as the former, 


In comparing the feedback instruments of the first and second groups,let us give the results of the theoretical 
evaluation of the error with an approximation which takes into account the differentiation errors, and (partially) 
the errors of amplification. The frequency characteristic of the instrument is the same as for a moving coil flux- 
meter: 


1Uo.i. 100\ @ Oy (1) 


(an approximate expression obtained by developing in a series the frequency characteristic obtained from [7]). 
Here Up j, is the output voltage of an ideal integrator; w is the angular frequency of the input voltage harmonics; 
w and wy are the lower and upper boundaries of the passband for a given accuracy p(%), 


V2. (12) 
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3s 


n= 


1 — 
V5 (13) 


Moreover, B = 77; for the fluxmeter of the first group, and B = T,rs = 1/u% for the second group, Ws is the 
natural frequency of the galvanometer (fluxmeter), which simulates a system without feedback,r is the time con- 
stant of the differentiating circuit, 


Consideration of the possible parameters for fluxmeters of either group shows that for the first group B/ T < 
<T, and for the second,B/T =r. Thus, in the majority of cases, itis impossible to neglect the error of differenti- 
ation,w, *w, = weand w,, is smaller for the instruments of the second than for those of the first group. 


From the above, the advantages of the instruments of the first group become apparent; they are a little 
simpler in design and possess a better frequency characteristic [see (13) }. 


In comparing the method of measurement based on the PEF's with the ballistic method, it should be noted 
that the first has several important advantages: the possibility of recording static hysteresis loops, increased sensitiv~- 
ity, and decreased error by almost two orders of magnitude; omission of calibrating operations (direct reading); 
freedom of the measurement results within a wide range from the values of the resistance or inductance of the 
measuring circuit; and the lack of the necessity for abrupt interruption of current in the magnetized devices, Ow- 
ing to the last advantage, the error due to the inequality of the switching in and switching out currents, caused by 
imperfect contacts, is eliminated; the accuracy is not limited by the time constant of the primary circuit (wind- 
ing of the permeameters); the error due to the remagnetization of the sample by the current of the measuring wind- 
ing is greatly reduced; errors due to eddy currents, the skin effect, magnetic viscosity, etc,, are all greatly reduced; 
the possibility of using powerful magnetizing devices for measurements of stationary objects is becoming feasible. 


At the same time the difficulties encountered in the development of the method and the instrument as a 
whole should not be forgotten, The considerable sensitivity to interference (thermal emf*s, mechanical vibrations, 
and leakages) requires a high standard of experimental and technical ability from the designer, the manufacturing 
plant personnel,and the user of the equipment. 


At present a Soviet fluxmeter is being developed [3, 19]. 
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MATERIAL RECEIVED BY THE EDITORIAL BOARD 


REPAIRS OF WEIGHING EQUIPMENT AND ITS INSPECTION 
IN RURAL AREAS 


S. A. Zubatov and P. N. Tsinin 


The lack of organization in weighing equipment repairs is felt particularly acutely in the Krasnodar region 
with its developed agriculture, equipped mostly with heavy stationary scales, The weighing-equipment repair 
station of the regional local industry administration does not provide good quality and timely repairs of the equip- 
ment in rural areas, 


In this connection the Krasnodar State Inspection Laboratory undertook to find better organizational and tech- 
nical methods which would improve repairs in rural areas, Instrument repair and inspection shops were set up in 
the collective farms of "Krasnyi Oktyabr’" of the Ust'-Labinsk district, "Kavkaz" of the Kurganinsk district, the 
"Kirov" farm of the Giaginsk district, and at the repair and technical depot of the Krasnoarmeisk district, Senior 
technical inspector of the State Inspection Laboratory, A. K. Kasparov, carried out a considerable amount of work 
in organizing the repair of instruments and their inspection in the "Kavkaz" collective farm, A workshop has been 
set up and is working under the guidance of the intercollective farm council of the Staroshcherbinovsk district, 


The collective farm weighing equipment repair shops which have on their staff only one 5-7th grade instru 
ment mechanic carry out all the repair and inspection of all the weighing equipment at their disposal, When 
necessary, the collective farms provide help and transport for the mechanics, 


In order to give an idea of the amount of work carried out in such workshops, we give below a list of instru- 
ments and measures supervised by the shop of the "Kavkaz” collective farm, The workshop services 12 motor-truck 
weighbridges, 40 goods scales, 12 table scales, 13 cattle-weighing scales, and over 300 weights. 


With the assistance of the Krasnodar State Inspection Laboratory, all the workshops acquired the required 
standard instruments. 


The cost of repairs in these shops amounts to the cost of maintaining the premises and the wages of the mech- 
anics, 


A general inspection of the technical condition of instruments, carried out by the State Inspection Laboratory 
in the collective farms possessing workshops,revealed a satisfactory state of the measuring equipment and positive 
results in the operation of the workshops, 


The regional agricultural administration, in conjunction with the Krasnodar State Inspection Laboratory, selec- 
ted three tractor repair stations for organizing in them weighing equipment repairs, The laboratory organized 
short training courses for mechanics of the tractor repair stations in the repair and adjustment of the weighing 
equipment, The courses included theoretical studies in the laboratory, and practical training in the city weighing 
equipment repair shop. 


The workshop attached to the Krasnoarmeisk Station is located in premises with an area of 60 m*, The staff 
consists of three people: the foreman-mechanic of the Tth grade, a mechanic of the 5th grade, and an apprentice, 
The shop has been allocated a GAZ-63 truck of the “Letuchka" type, It is equipped as a travelling workshop and 
has two engineer's benches, vises, an electric motor, an electric grinding wheel, a hoist for working with heavy 
reference weights, standard instruments, a pump for pumping water out of weighbridge pits, and various engineer's 
tools. It also has a power apparatus with a board for 220/ 380 v. 
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This workshop services 90 motor-truck weighbridges, 225 goods and 6 wagon scales, 110 table and 15 dial 
scales, 4 technical balances, and over 1200 weights. 


A correct organization of the work made it possible to lower the cost of repairs by 12.5% as compared with 
the prices charged by the repairstation of the local industry administration,and to raise the mechanics’ wages by 


15-20%, 


In 1959, the Eisk District Soviet Executive Committee decided to organize, with the active participation of 
the head of the Eisk interdistrict branch of the State Inspection Laboratory, V. L. Lisovskii, an instrument repair 
shop, attached to the intercollective farm council, It now occupies premises with a floor space of 40 m*,and a 
special building is in the course of construction, In addition to reference weights and scales, the workshop also 
possesses a mobile manometric press and reference spring manometers, This shop has repaired 67 motor-truck 
weighbridges, 90 goods and 45 table scales, 800 weights, 20 milk measures, etc. The shop personnel consist 
of three people: the mechanic (1200 rubles per month), assistant mechanic (900 rubles), and a driver. 


For the repair of the equipment and its inspection,each collective farm pays the intercollective farm council 
50 kopeks per hectare of arable land. For the large amount of weighing equipment possessed by the collective 
farms, this is an insignificant expenditure. 


The workshop helps in the purchase of weighing equipment for all 10 collective farms of the district and 
also purchases equipment for its own replacements, 


The experience of the operation of these workshops shows that the new methods of organizing repair shops, 
especially when they are attached to tractor repair stations or intercollective farm councils, have been completely 
justified, 


The experience thus gained also shows that the comrades who thought that the mechanics repairing equip- 
ment in the tractor repair stations would have idle periods owing to lack of work were incorrect, 


ADDITIONAL INFORMATION ABOUT THE DEFECTS 
OF ELECTRICITY METERS 


The editorial board continues receiving correspondence about the low quality of electricity meters, Thus, 
F, V. Popov writes from Verkhnii Ustyug that many of the new meters made in 1958-1959 have to be repaired due 
to distortions of the counting mechanism yoke, which is made of aluminum, whereas it should be made of duralu- 
min according to the approved drawing. 


The personnel of the meter manufacturing plants should see to it that aluminum,which is much softer,should 
not be used instead of duralumin in certain batches of meters, 


F, V. Popov estimates correctly that to date there is no interchangeability between rollers of the counting 
mechanisms made by different factories, The constructors of electricity meters and the agencies which approve 
the designs must aim at unifying the details of the counting mechanism, since this is important for all the repair 
organizations and will reduce the work of meter manufacturing plants involved in making spares for the meters. 


V. P. Kazanskii (Kimry, Kalinin Region) raises the question of standardizing the basic components of Soviet- 
made meters. 


Our industry is perfecting electricity meters and improving their qualities. The counting mechanism for 
SO-2 meters have been greatly improved, and their speed has been reduced, thus extending the life of their mov- 
ing parts. 


Yet the problem of interchangeability of meter parts has not been solved. The voltage coils of the SO-2 
meters do not fit the SO or the SO-1 meters; the SO-2 meter base does not fit the SO or SO-1 meters,since the base 
in the SO and SO~1 meters is secured by two parallel bolts,and in the SO-2 meters,by two bolts connected crosswise, 
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V. P. Kazanskii suggests that three threaded lugs for the M4 bolts be made instead of the two cross lugs, thus 
making it possible to use the bases both for the SO and SO-1, and the SO-2 meters, 


The spare parts are mostly made for the SO-2 meters, whereas the widely used SO and SO-1 meters have 
practically no available spare parts. 


The above defects of the electricity meters create considerable difficulties in their repair, 


Considering that a largenumber of SO and SO-1 meters are still in use, the manufacturing plants should pro- 
duce spares for these meters, 


RESTORATION OF CALIPER JAWS 


N. N. Astaf'ev 


Caliper jaws for internal measurement become shorter each time they are repaired, thus making the use of 
calipers more difficult, since allowances have to be made for their reduced size,which often leads to errors, 


Restoration of the jaws to their normal size of 10 mm by means of gas or electric welding, or by soft solder- 
ing of hard plates, involves considerable expenditure of time and requires highly skilled operators, thus raising the 
cost of repairs, 


At the Klaipeda ship-repair yard the jaws are chromium-plated, 


The layer of chrome adheres very well and exceeds the hardness of the steel from which the instrument is 
made, The simplicity of preparations for chromium plating and the possibility of placing a large number ofjaws into 
the galvanizing vat considerably simplify the repairs and reduce their cost, 


In addition,the life of the calipers is also extended, 
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INFORMATION 


A SYMPOSIUM ON INTERFEROMETRY 


A symposium on interferometry was held at the National Physical Laboratory (Teddington, England) during 
June 9-11, 1959, with the participation of delegates from Australia, Britain, Belgium, Holland, India, Italy, Canada, 
Poland, USSR, France, Sweden, Yugoslavia, Japan, and other countries. 


Over 20 papers were read at the symposium, dealing with general problems of interferometry, absolute meth- 
ods of measuring distance and research into sources of light for such measurements, interference methods of testing 
optical systems, microwave and amplitude interference in spectroscopy and photoelectric interferometry. 


The greatest interest from the metrological point of view was aroused by the papers dealing with measure- 
ments of length as such, and of wavelengths by the interference method,as well as certain papers on radiointer- 
ferometry. 


_  Engelgart (FRG) reported on the accuracy of producing scales for measuring distances in interferometry, By 
means of interferometric phenomena, it is possible to build up high-precision scales, similar to the linear scales 
used in metrology. In interferometry the order of interference rises as an arithmetic progression. A scale unit 
of length, that is a difference between two consecutive orders of interference, is invariant, Both requirements are 
similar to those encountered in the construction of normal linear scales, but they are fulfilled much more simply 
by means. of “wavelength scales” using light interference methods, The spectroscopic properties of line (such as 
the width, asymmetry of contours, and the displacement of the maximum along the spectrum) can introduce cer- 
tain errors in the “wavelength scale". The author considers it necessary, therefore, to study in detail the structure 
of the lines produced by the light sources which are used in interference measurements, and to investigate the con- 
ditions of their generation, 


The defect of cadmium tubes and other light sources which require the presence of an extraneous gas for 
helping to produce and maintain the discharge (tubes with Hg’), is the variation of the initial pressure of this 
gas, owing to absorption during the operation of the tube. The absorption is not constant with time and makes the 
control of the excitation conditions more difficult. Thus, it becomes impossible to use corrections to wavelengths 
after an operation period of the tube. 


A detailed study of tubes with incandescent Kr® electrodes shows their unquestionable advantage with respect 
to more definite excitation conditions. Since Kr*® is an even-even element, its lines lack a hyperfine structure and, 
hence, its “wavelength scale” has no periodic errors. In connection with the definite excitation conditions (the 
krypton pressure P and the current density j are known) it is possible to calculate, by means of approximations, the 
corrections for eliminating progressive errors, The displacement of the line maximum An is calculated from the 
law An = (pif, These corrections make it possible to obtain wavelength values for ideal radiation conditions of 
atom Kr"*, which is in an unperturbed or quiescent condition. The measurement accuracy of the Kr® orange line 
can be raised to 107°, 


Baird (Canada) reported on the accuracy of the comparison of spectral wavelengths, A careful measurement 
of wavelength made recently, in connection with a new determination of the meter, showed that the accuracy with 
which wavelengths can be compared with each other is considerable lower than is normally assumed. It is neces- 
sary to study the reasons for this effect and the possibilities of further raising the accuracy by using new techniques 
for measuring wavelengths in their actual physical sense, The speaker noted that the use of a new technique (photo- 
electric registration) provides a higher accuracy of interference measurements exceeding the existing one of1- 10° 
by at least one or two orders. A further increase in accuracy is pointless, since then it becomes limited by quantum 
phenomena, 
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Kessler, Schweitzer and Burger (USA) dealt in their paper with the use of an atomic beam in metrology It 
is known that in observing a focused beam of radiating atoms in a direction perpendicular to the beam, it becomes 
possible to exclude the Doppler expansion and obtain a narrowing of the spectral lines, In order to narrow the lines 
of Hg'®, which the National Bureau of Standards recommends for use as a reference standard, a source of light with 
a focused atomic beam, whose glow was excited by a counter-stream of electrons, was used, The width of the 
Hg'®* resonance line  2537/ A was found, at the point where its intensity dropped to one-half, to be equal to 
0.002 cm™', A large expenditure of isotope Hg!® forced the authors to observe absorption interference, A molec- 
ular beam of natural mercury was used for absorbing a very narrow strip of the emission line, radiated by Hg’ in 
an electron-free discharge, A narrow absorption line (0,002 cm!) was obtained which corresponded to the maxi- 
mum radiation of Hg'™, In the absorption only one component of the line \ 2537 hyperfine structure took part and 
was narrowed down by means of the molecular beam, In. omer to be able to use absorption lines in interference 
measurements, the authors used an original method of converting a dark line into a “light absorption line" by means 
of a Michelson interferometer, into one of whose arms an absorption atomic beam is introduced,and the recording 
is made with a photoelectric compensation circuit, 


An equally interesting method of obtaining a narrow line, also suggested in this paper, is the use of a Zee- 
man filter. As the result of partial absorption when a radiation is transmitted through a slit obtained by means of 
a Zeeman splitting of a spectral line, the authors were able to obtain a half-width of a line equal to 0,007 cm, 


A. I, Kartashev (USSR) reported on two types of interferometers for absolute and relative measurements of 
block gauges and geodetic rods up to 1200 mm long. The use of these optical circuits provides measurements of 
block gauges by the interference method with an accuracy of the order of 0.17 u for comparative measurements, 
Photoelectric recording speeds up the measurements and excludes the subjective error in measuring gauges of dif- 
ferent lengths. 


Froome (Britain) described in his paper a double-beam interferometer, which worked in the Fraunhofer region, 
The author showed how the effect of diffraction can be eliminated from measurements of wavelength, in order to 
attain high precision in determining the speed of light. 


The interferometer consists of a single radiator which serves both for transmission and reception, This cir- 
cuit consists of a double~-beam interferometer with a varying path difference (a mobile square metal reflector) in 
air. 


The speed of electromagnetic wave propagation was calculated on the basis of the frequency of radiations 
and wavelength measurements, A klystron generator working at 24500 Mc, which corresponds to 1,25 cm, served 
as a source of radiations, Measurements were made by registering the interference minima with two series-con- 
nected microammeters. The reflector was displaced by some 162 cm (259 is the minimum), The accuracy of 
the minimum adjustment was about + 3 py even with a reflector of small dimensions (15 x 15 cm), In order to 
eliminate the error due to the dispersion of microwaves, measurements were made with the reflector placed at dif- 
ferent distances from the radiator, i.e., 6.5, 9, 12, 16, and 21.5 m. The reflector displacements-were measured 
by means ofa block gauge and a micrometer device, 


Measurements were also made with interferometers equipped with two radiators and two receivers, 


As a result of many tests a mean value of the speed of light in vacuum was obtained as Cy = 299,792.50 + 
+ 0.1 km/sec, 
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THE 6th INTERNATIONAL CHRONOMETRIC CONGRESS 


V. F. Lubentsov 


The 6th International Chronometric Congress, organized according to the decision of the 5th International 
Chronometric Congress (Paris, 1954) by the German(FRG) Chronometric Society, was held in Munich during June 
18-23, 1959, The congress was presided over by the President of the German Chronometric Society, W, Keil, 


The congress was attended by delegations from 18 countries, including the USSR, France, Britain, USA, Poland, 
Czechoslovakia, GDR, FRG , Switzerland, Italy, and other countries, 


At the plenary sessions and the working group meetings, 110 scientific papers were read and discussed, The 
main work of the congress was conducted in the nine working groups divided according to specialities into: a) 
measurement of time; b) atomic, molecular, and crystal clocks; c) instruments for measuring time; d) instru- 
ments for measuring time intervals; e) special problems in time measurements, those of measuring velocities 
and accelerations; f) methods and instruments for checking watches and time-measuring instruments; g) manu~ 
facture of time-measuring instruments and their components; h) time and watches in scientific research and educa- 
tion; i) the art and history of watches, 


At the "Measurements of time" working group 22 papers were read and discussed, In the sphere of the astro- 
nomical determination of time, papers on the research into the irregularities of earth's rotation were read, The 
greatest interest was aroused by the paper of Prof. Danjon (France) and de Prin (Switzerland), which dealt in detail 
with the modern state of precise determination of astronomical time, and arrived at the conclusion that the irreg- 
ularities of the earth's rotation should be determined by comparing the astronomical determination of universal 
time (TU ) with the atomic time, since the accuracy of determining the ephemeris (uniform) time by astronomical 
methods is as yet not high enough, In order to raise the accuracy of determination of the random and seasonal vari- 
ations in the speed of earth's rotation, it was recommended to introduce a new program of astronomical observations 
spread over 5-10 years, 


Prof, Markowitz (USA) reported on a detailed examination of the results of an astronomical determination of 
the ephemeris time by means of special observations of the moon made with a lunar camera at the US Naval Ob- 
servatory (Washington), A complex program of joint work with the National Physical Laboratory in Teddington 
(Britain) was carried out, as the result of which, between June 1955 and June 1958, the value of the frequency of 
the cesium atomic frequency standard was determined as 9192631770 cps with a relative error of about + 2.2+107°, 
This work made it possible toexpress the standard time and frequency in terms of atomic time, 


The head of the International Time Bureau, Prof, N. M, Stoicot (France) analyzed in detail in his paper the 
results of using atomic frequency standards for obtaining a uniform time scale by means of crystal clocks, The re- 
sults of this investigation have shown that during 17 months (1956-1958) the Atomichron No, 6 of the US Naval Ob- 
servatory and the frequency standard of the National Physical Laboratory differed by 0.03 sec, and Atomichron No, 
107 of the Radioelectrical Institute (France) had a deviation with respect to the scale of almost uniformly distributed 
time (TU~-2) of not more than 0.004 sec from month to month, It can be assumed that such relatively large devi- 
ations were obtained in the initial period of the application of atomic frequency standards when they were as yet 
not sufficiently well known, and also due to the fact that the methods used for comparing frequencies of crystal 
oscillators with atomic standards operating over short periods of time cannot replace comparisons of continuously 
operating atomic or molecular clocks, 


A lively discussion was caused by Blase's (Switzerland) paper on the comparative investigation of the zenith 
photographic tube and Danjon's astrolabe for astronomical determination of time carried out in 1956-1959. Asa 
result of the investigation,it was established that the random errors in determining time due to these instruments 
are about the same, and amount to some 0,003 sec, Systematic errors for the zenith photographic tube amount to 
some 0,008 sec (in determining by means of one star), whereas the astrolabe has an error of some 0.011 sec. A cer- 
tain advantage of the zenith photographic tube also consists in its automatic operation, although in its design and 
construction it is much more complicated and expensive than the astrolabe, 


Several papers dealt with the development and investigation of various instruments for receiving and record 
ing precision time and standard frequency signals: for instance, the mechanically averaging chronograph, which 


was used in astronomical determination of time and provided a mean moment of 20 contacts (Blase, Switzerland); 
the special rotating shortwave antenna forreceiving precision time and standard frequency signals (Bouchard, France); 
and on the results of measurements of radio-transmitted low-standard frequencies (Hermann, GDR), 


The working group also received several papers dealing with general questions in determining the astronom- 
ical and physical time. 


The working group on “Atomic, molecular, and crystal clocks” received three papers on atomic and molec~ 
ular clocks. The greatest interest was aroused by the work of Bonanomi and others (Switzerland) on the frequency 
stability of molecular generators, The authors made a suggestion that the variations in the frequency of these 
generators with the variation of the value of some of its parameters (the number of molecules in the beam, volt- 
age of the focusing device, etc.) was due to the presence of a spectral line hyperfine structure caused by quadripole 
interaction, With the object of verifying this assumption,the authors investigated two molecular generators, one 
of which used ammonia N“H, transition 1 = 3, K = 2, and the other transition I = 3, K = 3 of ammonia NH, , 
which included a nitrogen isotope. In both cases quadripole interaction and hence, the spectral line hyperfine 
structure, are absent. It was found that in both instances the variations of the number of molecules in the beam as 
compared with the generator using N“H, and I = K = 3 had practically no effect on the frequency and the vari- 
ations of the focusing voltage changed the frequency only 1/7 of the original variation, The defect of the first 
generator consists in the fact that it works at a far greater intensity of the molecular beam, The authors think that 
molecular generators using N*°H, would have a relative frequency instability of 3-107" during one year. The 


reproducibility of the actual value of the frequency by means of various generators has a relative error of about 


The working group also received and discussed seven papers dealing with crystal clocks, D, Becker's (FRG) 
paper was particularly interesting and dealt with the development and investigation of high-Q quartz elements in 
the shape of blocks with longitudinal oscillations at 40-100 kc admitting only small frequency variations with time 
("ageing"). Quartz elements and holders with a gap between them of some 5 cm and a Q-factor up to 7.2° 10° were 
developed. Quartz elements placed in vacuum and suitable for use in crystal clocks had a Q-factor of 5° 10°, This 
result was obtained owing to a considerable increase in the gap between the quartz block and the holder and the 
use of chamferring along the sides of the block, thus decreasing the energy losses due to other types of oscillations 
(twisting) in addition to the basic one. One of the advantages of these quartz elements is the small variation in the 
frequency of oscillations during a long period of time; thus, for several quartz elements a systematic relative de- 
viation of the frequency during one year amounted to about 5-107°, 


R, L, Cork's paper (Britain) dealt with the use of a vacuum quartz element in the shape of a z-cut ring as a 
reference at a frequency of 100 kc, The quartz element was placed under a building in a hole 20 m deep con- 
sisting of a waterproof pipe 15 cm in diameter, The measurements of the quartz element frequency were made 
with a relative error of about 1-107" during almost four years, As the result of these investigations it was estab- 
lished that long-term changes in the frequency of oscillations are almost linear with a mean average relative vari~- 


ation of 2°107" per day. Owing to this phenomenon it is possible to predict the value of the resonance frequency 
several months in advance with a relative error of about 1-107°, 


M, Boella's paper (Italy) dealt with the present-day state and prospects of improving quartz frequency stand- 
ards, The long-term relative frequency variations are almost linear and amount on an average to 2-107" to 3- 
*107!° per day after two years of continuous operation, The crystal oscillators worked in a bridge circuit; their 
temperature was controlled by special contact thermoregulators with an error of some 0,01°C, The author hopes 


to raise the frequency stability after the development of a new source of supplies with an error not exceeding 0.01% 
over a considerable time at uninterrupted working. 


The papersof A. Carolus and others (Switzerland) dealt in detail with the design of a simple quartz clock 
which used low-frequency piezo-quartz tuning forks (800-1000 cpsXin a thermostat maintained at a constant tem- 


perature with an error of 0,01°C)and transistors and provided a long-term and random relative frequency stability 
of 1°107® per day. 


The working group also received several papers on the evaluation of the quality of quartz clocks by means 
of astronomical observations, comparison with the radio-transmitted reference frequencies, etc. 


The working group on “Methods and instruments for checking watches and time-measuring instruments” re- 
ceived and discussed nine papers on the development of general criteria for testing watches, especially precision 


wrist watches and pocket watches (wrist and pocket chronometers), on the investigation of the effects of pressure, 
temperature, the magnetic fields,and isochronism of the watch oscillating system on the accuracy of the move- 
ment,and on the use of static methods for investigating the error of watches and evaluating their quality. The 
President of the Permanent International Chronometric Commission, Prof, R. Baiot (France) presented a report on 
the work of the Commission during the five years between the statutory Congresses, The preparation of a draft 
proposal to be submitted to the plenary session of the Congress on the further development of the work of the Per- 
manent Commission was entrusted to the delegates of France, the USSR, USA, and Switzerland. 


Eight papers dealt with the establishment of methods and instruments for measuring the amplitude of the 
oscillating system of a watch and its investigation, Several papers dealt with irregularities in the watch move- 
ment, its dependence on the position of the watch,and on the organization of watch repair. 


In the concluding plenary session of the Congress, a resolution was adopted which noted the scientific value 
of the Congress deliberations and reaffirmed the necessity of further fruitful activity of the International Chronomet- 
ric Commission whose object it is to maintain relations among all the scientific and technical chronometric in- 
stitutions of all countries, 


The validity of the International Chronometric Commission, which was elected at the 5th International 
Chronometric Congress and consists of representatives of 15 countries, including the USSR, Britain, the USA, France, 
Rumania, Czechoslovakia, Yugoslavia, and others, was extended by the present Congress for another period until 
the next Congress, 


The invitation of the Swiss Chronometric Society to hold the next(7th)Congress in Switzerland in 1964 was 
accepted, 


It should be noted that the plenary sessions and the group meetings were held in a businesslike atmosphere, 
and in a spirit of scientific collaboration, which was greatly assisted by the excellent organization of the work of 
the Congress, 


I. P. VLADIMIROV 


The staff of the D. 1, Mendeleev All-Union Scientific Research Institute of Metrology have taken leave of 
Ivan Parmenovich Vladimirov, a highly trained optician, who is now retiring on a pension and who has worked in 
our optical industry for some 40 years, 


In 1914 I, P, Vladimirov completed his studies in the optical department of a trade school and started work 
at the Obukhoy Plant as an optician. 


During the civil war Ivan Parmenovich joined the ranks of the Red Army and took part in the fighting against 
the White Guards and the invaders, 


In 1925 I. P. Vladimirov started work as an optician in the State Optical Institute, where he was the first in 
our country to work out the technology of manufacture and produced a number of unique optical instruments. 


In 1939 I, P, Vladimirov started work in the optical laboratory of the D. I, Mendeleev All-Union Scientific 
Research Institute of Metrology. 


As a talented expert Ivan Parmenovich was called upon to carry out unique optical work, which develops in 
a craftsman a “sixth sense", This work included tubular standards and quartz rings for the Fabry Perot standards, 
sets of reference block gauges made of fused quartz, geodetic quartz rods and precision optical components for 
equipment used in. comparing a meter with wavelengths, for measuring the speed of light and measuring accelera- 
tion due to gravity. 


The establishment at the All-Union Scientific Research Institute of Metrology of instruments and equipment 
for changing over to a meter expressed in terms of light wavelengths was carried out under the personal supervision 
of I. P, Vladimirov and his technical guidance of the “Etalon” Plant optical shop. 
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I. P. Vladimirov willingly imparted his knowledge and experience, He has trained many highly skilled op- 
ticians, who are now working in Leningrad plants, 


The staff of the D. I. Mendeleev All-Union Scientific Research Institute of Metrology wish Ivan Parmenovich 
good health and happy retirement which he has so richly earned. 
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